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CHEMICAL  KNOWLEDGE, 


SECTION  SIXTH, 

Concerning  the  Metals . 

Article  I. 

Of  the  General  and  Comparative  Properties  of  the 
Metals , and  their  C la jjifi  cation. 

Section  I. 

Their  Importance  and  Hifiory . 

« - \ 

i.  In  the  fécond  feétion  of  this  work  we  con- 
fidered  the  metals  only  as  appertaining  to  the 
clafs  of  combuftible  bodies  ; and  the  general 
properties  which  I have  deferibed,  were  relative 
merely  to  their  comparifon  with  the  fmall  num- 
ber of  fubltances  I had  before  treated.  In  the 
prefent  feétion  my  objeét  will  be  of  much  greater 
extent;  namely,  to  deferibe  at  length  thefe 
brilliant  bodies  fo  ufeful  in  foeiety;  which  fo 
Vol.  V.  B highly 
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highly  influence  public  and  individual  pros- 
perity, not  only  by  their  real  properties,  but  by 
the  ideal  value  attached  to  them  by  men  ; which 
have  on  the  one  hand  rendered  fuch  eminent 
Services  to  humanity,  and  on  the  other  pro- 
duced fo  many  evils  ; which  at  the  fame  time 
mark  the  induftry  of  nations,  and  add  to  the 
improvement  of  human  reafon,  while  they  fo 
often  become  the  inflruments,  and  ahnoft  the 
caufe,  of  the  depravation,  the  mifery,  and  all 
the  evils  which  affliét  mankind.  y There  are  no 
productions  of  nature  which  excite  a higher 
degree  of  intereft  in  their  ftudy,  or  which  have 
given  rife  to  fo  many  dilcoveries  ; there  are 
not,  consequently,  any  lubftances  which  de- 
fer ve  to  be  treated  more  at  length,  or  with 
greater  care. 

2.  The  multiplied  ufes  to  which  the  metals 
are  applicable,  do  not  constitute  the  only  rea- 
fon why  thefe  bodies  Should  be  defcribed  with 
much  accuracy,  and  Studied  with  the  greateft 
precifion.  The  vaft  influence  which  they  have, 
had  on  the  progrefs  of  chemiftry,  the  difcoveries 
which  relate  to  them,  particularly  in  modern 
times,  and  the  perfection  which  they  have  add- 
ed to  human  reafon,  render  them  of  the  moft 
impreffive  confequence  to  thofe  who  cultivate 
natural  philofophy.  On  the  properties  of  thefe 
bodies  depend  the  mariners’  compafs,  the  arts 
of  printing,  of  navigation  and  altronomy,  and 
every  other  Science  which  are  moft  truly  honour- 
able to  the  genius  of  man.  There  is,  in  truth,  no 

art 
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art  which  can  be  carried  on  without  the  metals. 
They  are  the  fir  ft  movers  and  primary  inftruments 
of  almoft  every  workfhop.  There  is  fcarcely  a 
finale  circumftance  of  life  in  which  we  do  not 
derive  continual  fer vices,  or  in  which  we  are 
not  fubjected  to  dangers  from  their  energy.  The 
metals  are  friends  which  ierve  us,  and  which 
it  is  defirable  we  fhould  always  have  near  us  ; 
or  they  are  enemies  prefled  into  our  employ, 
which  it  is  confequently  of  importance  that  we 
fhould  know  how  to  fubdue,  and  fometimes  to 
coerce.  The  fcience  of  medicine,  which  in  all 
the  regions  of  nature  has  fought  for  defence 
againft  the  evils  which  afflidt  humanity,  and 
from  which  it  would  be  perhaps  dangerous  to 
obliterate  the  illuflons  of  hope  with  which  it 
fur  rounds  the  bed  of  ficknels,  even  when  to 
cure  is  beyond  its  power  ; this  fcience  has  dif- 
covered  in  metallic  fubftances  a number  of  re- 
medies which  can  never  be  confidered  with  in- 
difference, and  of  which  the  mo  ft  fublime 
chemiftry  is  often  called  upon,  either  to  deter- 
mine the  nature,  to  direét  the  abiivity,  or  to 
regulate  the  power  according  to  the  wilh  of  the 
enlightened  phyfician. 

3.  Though  the  accidental  efledt  of  certain 
natural  events,  or  fpontaneous  fires,  may  have 
at  firft  exhibited  the  metals  to  the  obfervation 
of  man,  it  is  eafy  to  conceive  that  rapid  pro- 
grefs  muft  have  been  made  in  the  treatment  of 
thefe  fubftances.  In  the  early  infancy  of  che- 
miftry,  almoft  contemporary  in  this  point  of  view 
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with  the  fil'd  ages  of  civilization  ; when  we, 
direét  our  attention  to  the  heroic,  fabulous,  and 
mqd  early  ages  ; in  thefe  times  we  find  that 
fmiths  and  founders  were  actively  employed. 
The  plough-fhare  dates  as  early  in  point  of  time 
as  the  coarfe  cads  of  the  gods  in  metal.  But 
notwithstanding  this  high  antiquity  of  the  me- 
tallic arts,  in  which  the  hidorians  of  chemical 
fcience  have  been  defirous  of  fixing  its  ori- 
gin,  the  ancients  were  in  truth  podelfed  of  but 
a fmall  portion  of  real  knowledge  refpecting 
the  properties  of  metals. 

Iron,  copper,  gold,  and  diver,  have  mani- 
feftly  been  the  did  known  and  employed.  Tin 
and  lead  mud  have  followed  fpeedily  after- 
wards, if  they  were  not  difeovered,  even  at 
the  dime  time  or  before.  The  art  of  fmelt- 
ing,  of  cading,  of  forging,  and  even  of  alloy- 
ing them,  mud  loon  have  fucceeded  ; but  the 
true  chemical  properties  were  long  concealed  in 
the  bofom  of  nature,  and  difeoveries  of  this 
kind  were  undoubtedly  made  with  extreme 
flownefs.  The  Greeks  and  the  Romans  were 
acquainted  with  only  feven  metals.  It  appears 
that  dome  of  thofe  which  were  fince  called  femi- 
mctals  were  known  to  them  only  under  pecu- 
liar names,  and  with  notions  foreign  to  that  of 
their  proper  metallic  nature.  This  is  fo  much 
the  more  natural,  as  the  property  of  ductility, 
which  is  the  mod  ufeful  to  men,  and  of  which 
they  avail  themfelves  the  mod  early,  mud  al- 
ways have  connected  itfelf  with  them  as  part  of 
S the 
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the  notion  of  a metal.  Even  at  prefent,  not- 
withftanding  the  vaft  mafs  of  information  dil- 
covered  refpecling  inch  metallic  bodies  as  are 
not  ductile,  and  the  numerous  ufes  to  which 
moif  of  them  are  appropriated,  the  greateft  part 
of  men  do  not  even  now  conlider  any  lubftanccs 
as  metals  but  thofe  which  are  capable  of  being 
forged,  flattened,  drawn  out,  & c. 

4.  The  follies  and  imaginary  hopes  of  the  al~ 
chemifts  and  adepts,  a difeafe  of  the  human 
mind  which  it  is  fo  difficult  to  extirpate  in  the 
focial  ftate,  and  of  which  fome  veftiges  ftill 
remain,  though  happily  fcattered,  and  little 
likely  to  propagate  thernfelves,  have  neverthe- 
Icfs  proved  the  fourcc  from  which  all  our  che- 
mical knowledge  of  the  metals  originated.  The 
indefatigable  patience  of  thefemen;  the  num- 
herlefs  experiments  they  made;  the  admirable 
law  which  they  impofed  on  thernfelves  to  de- 
feribe  with  the  greateft  care  thefe  experiments 
which  did  not  afford  their  chemical  reluit,  at 
the  fame  time  that  they  carefully  concealed 
thofe  which  they  affirmed  to  have  fuecccded, 
have  gradually  railed  that  edifice  which  Science 
began  to  poffefs  from  the  middle  of  the  feven- 
teenth  century,  and  which  has  fpeedily  been 
enlarged  by  the  labours  of  the  chemifts,  whole 
method,  intelligence,  and  reafon,  have  enabled 
them  to  difpofe  with  art  all  the  ffiapclefs  mate- 
rials, amafled  with  fo  much  labour  by  the  induf- 
trious  fearchers  after  the  philofopher’s  ft  one, 
and  the  univerfal  medicine. 

5.  After 
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5.  After  the  abfurd  refearches,  though  abound- 
ing with  lingular  fads  of  Geber,  Morien,  Ar- 
naud de  Villeneuve,  Raymond  Lullius,  Ber- 
nard Trevifan,  Agrippa,  Ifaacus  Holland  us, 
Bazil  Valentine,  Philalethes,  Morhof,  Sendi- 
gove,  D’Efpagnet,  and  fo  many  other  célébra- 
tated  enthufiafts,  we  behold,  on  the  other  hand, 
Libavius,  Dorneus,  Hahnemam,  Gerhard,  Caf- 
fius,  Wed  el,  Orfchall,  and  many  other  men  of 
this  order,  bufy  themfelves  in  extracting  the 
pearls  from  this  dunghill,  feparating  the  ufeful 
fads  from  the  ridiculous  aifertions,  the  valu- 
able experiments  from  the  myftical  operations, 
and  by  thefe  means  making  an  advantageous 
feleCiion  of  the  art  ; and  though  they  were  not 
inti  rely  without  credulity,  as  to  the  great  work 
and  the  panacea,  yet  they  reduced  to  order, 
and  with  a certain  degree  of  lkill,  arranged  the 
refults  of  the  obfervations  of  the  alchemifts,  fo 
far  as  to  form  the  commencement  of  a theory 
re fpe Cling  the  properties  of  metallic  fubflances. 

6.  Chemical  metallurgy  has  been  more  parti- 
cularly benefited  by  the  works  of  docimacy  and 
metallurgy,  treated  either  as  arts  or  as  a fcience, 
which  have  been  publifhed  iince  the  middle  of 
the  fixteenth  century  to  the  end  of  the  eigh- 
teenth, and  particularly  by  thofe  which  have 
been  lucceffively  printed  by  J.  Q.  Agricola,  in 
1546,  Lazarus  Ercker,  1574,  Modeftus  Fachfius, 
1 622,  Alonzo  Barba,  1640,  Aldrovandus,  3648, 
Borrichius,  1674,  Fr.  Henckel,  1 725,  Sweden- 
borg, 1734,  Schulutter,  1738,  Cramer  1739, 

G ellert. 
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Gcllert,  1760,  Lehman,  17^1,  Wallerius,  1770, 
Dellius,  Gobet,  Jars,  Bergmann,  Dietrich,  Bom, 
Ferber,  and  Pfingfien,  in  modern  times.  In  all 
thefe  works  the  treatment  of  ores  and  metals  in 
the  large  or  fmall  way,  in  the  métallurgie,  or 
docimaftic  methods,  has  been  enlightened  by 
the  moft  perfpicuous  theory,  and  deferibed  as  a 
feries  of  chemipal  experiments,  and  confequent- 
iy  connected  with  the  general  progrefs  of  the 
fcjence. 

7.  During  the  uninterrupted  advance  of  the 
metallic  arts  for  near  two  hundred  years,  to- 
wards a fcientific  doctrine,  upon  the  progrefs 
and  advancement  of  which  they  have  had  great 
influence,  another  ftep  of  equal  utility  was  made 
in  the  preparation,  the  nature,  and  the  ad  mi  nil- 
tration  of  medicines  compofed  of  the  metals, 
and  the  art  of  making  chemical  experiments, 
the  method  of  comparing  them,  and  the  draw- 
ing general  inductions,  or  theoretic  refults. 
While  we  contemplate  the  abfurd  and  vain  pré- 
tendons of  Paracelfus,  Digby,  and  others,  we 
muft  not  overlook  the  ufeful  labours  of  J.  Sil- 
vius,  Leo,  Fachfius,  V.al  Cord  us,  Quercetan, 
Mvnficht,  Crollius,  Z welter,  Schroder,  Fred, 
and  G afp.  Hoffman,  Angélus  Sala,  Glauber, 
Charas,  Nicholas  Lemery,  Barchufen,  Juncken, 
Pelletier,  Shaw,  Hermann,  Wallerius,  Perner, 
Poulletier  de  la  Salle,  Lewis,  and  Spielman. 
In  the  numerous  writings  of  thefe  pharmaco- 
logical chemifts,  publiflied  between  the  years 
1755  and  1775,  we  find  a methodical  dilpoli- 

tioiij 
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tion,  learned  difcuffion,  and  neat  defcription  of 
the  chemical  alterations  which  the  metals  are 
capable  of  undergoing  by  all  the  agents  to  which 
they  are  fubjected,  and  thus  modified,  in  their 
properties  and  nature. 

8.  It  is  in  thefe  valuable  collections  of  facts, 
of  experiments  and  of  well-defcribed  pheno- 
mena, that  the  fyftematica!  chemical  writers 
who  are  obliged  to  embrace  the  whole  of  the 
mutual  re-actions  of  all  the  bodies  in  nature, 
upon  each  other,  have  found  the  elements  of 
accurate  knowledge,  with  which  they  have 
afterwards  enriched  their  works.  Without  the 
laborious  efforts  of  their  predeceffors  ; their 
treatifes,  far  from  being  fo  complete  as  they 
were  capable  of  making  them,  would,  in  all 
their  febtions,  have  prefented  immenfe  vacancies 
in  the  exhibition  of  metallic  matters,  of  which 
the  properties  conftantly  form  the  greateft,  and 
at  the  lame  time,  the  moft  important  part  of 
their  works. 

9.  To  thefe  multiplied  regifters  of  experiment 
and  refearch  concerning  metallic  fubftances, 
we  rnuft  aifo  join,  in  order  to  obtain  a fufficient 
knowledge  of  the  hiftory  of  that  part  of  che- 
miftry  which  concerns  them,  a knowledge  of 
the  numerous  difcoveries  of  new  metals  made, 
particularly  fince  the  commencement  of  the 
18th  century.  During  this  period,  difcovery 
was  made  of  arfenic,  cobalt,  nickel,  and  platina 
itfelf,  before  fcarcely  known.  During  the  laft; 
twenty  years,  manganefe,  molybdena,  tungften, 
and  recently  uranium,  titanium,  and  chrome, 

have 
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have  been  added.  All  thefe  metals  which  are 
very  brittle,  and  more  or  lefs  difficult  to  fufe, 
remained  long  concealed  and  unknown  to  man, 
becaufe  ductility  had  been  confidered  as  the  in- 

*J 

feparable  character  of  metallic  fubfbmecs.  Since 
the  feries  of  thefe  fubftances  has  been  difcovered, 
which  do  not  polfefs  ductility,  every  fact  feems 
to  announce,  that  their  number  may  hereafter 
be  carried  far  beyond  the  prefen t extent  of  our 

1/  i. 

knowledge. 

10.  The  courfe  of  fucceffive  difcovery  and 
information  thus  gradually  acquired,  and  which, 

I have  here  traced  out,  did  not  yet  prefent  any 
certainty  of  dodtrine  in  the  midft  of  numerous 
fadts  which  compofed  its  totality7.  We  may 
even  add,  that  a great  number  of  doctrines  prc- 
fented  errors  of  no  fmall  magnitude,  and  that 
moft  of  tliefe  fadts  were  inaccurate  fketclies  be- 
foie  Lavoifier  published  his  happy  difcoveries 
refpedting  the  calcination  of  metals,  their  fo lo- 
tion in  the  acids,  the  decomposition  of  acids, 
and  particularly  that  of  water,  which  many  of 
thefe  bodies  effedt.  All  the  efforts  of  Berg  maim 
to  determine  the  proportion  of  an  imaginary 
principle  admitted  fmce  the  commencement  of 
the  century,  in  metals,  were  little  more  than  a 
confirmation  of  an  ancient  error;  lending  to 
that  error,  a factitious  fupport,  until  Lavoifier, 
overthrowing  by  bis  ingenious  experiments  this 
falfe  hypothefis,  created  and  caufed  to  arife  out 
of  his  new  refaits  refpedting  the  nature  of  air, 
water,  and  the  acids,  a dodtrine,  which  dif- 

pelled 
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pel  led  all  the  difficulties  fo  abundant  in  the 

liiftory  of  the  metals,  IhowTu  the  Caufe  of  their 

*/  * 

fo  frequent  augmentation  of  weight,  their  re- 
duction, their  folution,  and  at  length  prefen  ted 
them  to  chemifts  as  indecompofahle  paffive  in- 
fir  aments,  indeftruSible  with  regard  to  their 
intimate  compofitiom  fun  ply  changing  their 
form  in  all  the  alterations  to  which  they  are 
fubjedied  ; and  acting,  as  the  means  of  decom- 
paction on  a number  of  compound  bodies,  the 
nature  of  which  they  are  adapted  to  fhow.  Since 
this  remarkable  epocha,  which  mult  be  confi- 
de red  as  of  importance  to  the  progrefs  of  the 
human  mind,  the  fcience  has  advanced  wdth  a 
rapid  courfe  in  the  knowledge  of  the  metals, 
and  the  determination  of  the  phenomena  they 
produce;  difee veries  have  fuddenly  followed; 
every  thing  which  was  obfeure,  has  become  en- 
lightened ; and  this  admirable  department  of 
chemiftry,  enriched  with  a number  of  new  facts, 
has,  at  the  fame  time,  enlightened  the  work- 
fliops  of  allays  and  metallurgy,  together  with 
mineralogy,  and  all  the  arts  which  employ  the 
metals. 


Section  IL 

On  the  Number  and  Ciaffificatwn  of  the 

Metals „ 


no  other  bodies  were  confidered 
as  metals  but  thole  which  poflefs  ductility,  and 
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when  their  number  was  confined  to  fix  or  feven, 
it  was  not  neceffary  to  feck  after  many  proper- 
ties, nor  to  eftabli/li  any  method  for  diftin- 
guilhing  and  afcertaining  each  of  tliefe  bodies. 
The  notion  of  forming  a elaffification,  mu  ft 
have  fcarcelv  occupied  the  attention  of  chemihs. 

1 2.  At  the  period  when  the  exiftence  of  a 
number  of  brittle  metallic  matters  was  afcer- 
tallied,  and  it  was  admitted,  that  all  their  pro* 
perties  approach  thofe  of  the  duCtile  metals, 
tliefe  began  to  he  diftingui  flied  by  the  terms, 
femi- metals,  as  if  ductility  were  the  moft  ef feu- 
dal character  of  tliefe  bodies  in  nature,  as  it  is 
in  the  ufes  of  art.  Man,  therefore,  referring 
every  thing  to  himfelf,  and  his  events,  gave  to 
tliefe  beings  a determinate  rank  and  place  from 
their  utility  to  himfelf.  Another  idea,  lefs  rea- 
sonable, no  doubt,  tended  to  confirm  this  ex- 
preffion  of  the  femi-metals.  The  alchemihs 
imagined  that  all  the  metals  were  only  efforts 
of  nature  towards  the  production  of  gold,  con- 
fidered  as  the  moft  perfeCt  of  metals,  and  that, 
by  a fubterraneous  operation  of  nature,  inimi- 
table by  art,  they  were  capable  of  arriving  at 
a hate  of  maturity  and  perfection  fo  as  to  be- 
come gold  ; and  that  all  the  metals  were  only 
fucceflive  hates  from  a lefs  to  a greater  degree 
of  perfection,  unto  the  laft  hate,  namely,  auri- 
fication. Now,  as  ductility  is  one  of  the  moft 
prominent  characters  of  gold,  and  the  metals 
properly  fo  called,  approach  more  or  lefs  to  it 
by  this  character  ; thofe  metals  which  did  not 

p chiefs 
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poffefs  it,  appeared  to  them  to  be  the  fir  it  e flays 
of  nature,  the  embryos  or  metallic  germs  not 
yet  developed.  Hence,  the  expreffion  of  lenii- 
ïnetaîs  to  defignate  fuch  bodies  as  had  not  un- 
dergone more  than  a femi-metaftization. 

13.  But  the  moil  Ample  reflection  is  fufficient 
to  fhow,  that  the  application  of  the  fame  idea 
mull  have  led  to  the  di  it  diction  of  third  parts 
of  metals,  and  metallic  fractions  which  might 
exprefs  the  ratio  or  proportion  of  metallic  pro- 
perties which  each  of  thefe  bodies  appeared  com- 
paratively to  poffefs.  This  fuppoiition  fhows 
the  falfity  of  the  expreffion  of  femi-metals,  for 
it  fhows,  that  w hile  it  is  defective  as  a true  term 
of  comparifon  to  exprefs  the  proportion  of  the 
metallic  properties,  chemiftry  would  admit  an 
erroneous  and  ridiculous  language,  by  fuppofing, 
that  the  metals  might  in  that  manner  pafs  from 
one  to  the  other  converfion  ; a converfion,  which 
art  has  never  been  able  to  effect,  nor  can  it  be 
iliowm  by  any  obfervation,  to  have  been  effected 
in  the  proceffes  of  nature. 

14.  It  is  no  lefs  evident,  that  we  may  apply 
the  fame  remarks  to  the  words  imper  feel  metals , 
which  was  adopted  to  denote  fuch  metals  as 
burn,  and  eafily  lofe  their  metallic  properties, 
and  the  name  of  perfect  metals , which  was  given 
to  thofe  which  are  very  difficultly  combuftible 
or  alterable  in  comparifon  to  the  former.  For 
this  expreffion,  depends  ftill  more  on  the  ima- 
ginary tranfmutation,  than  the  former  term  of 
femi-metals  ; fmee  they  affirm  a pretended  per- 
fection 
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feCtion  in  the  one,  and  an  imperfection  in  the 
other,  which  fnppofes  a power  of  coming  to 
perfection,  and  arriving  at  the  date  of  the  for- 
mer. 

15.  Rejecting,  therefore,  thefe  hypothetical 
terms  infeCted  with  the  opinions  of  the  alche- 
mifts,  and  aware  of  the  neceffity  of  arranging 
the  metals  methodically,  it  became  requifite, 
that  di  ft  in  étions  fhould  be  admitted  among  them, 
derived  from  properties  eafily  appreciated  and 
comparable  with  each  other.  Three  properties, 
compared  together,  will  ferve  to  ettablhh  the 
clarifications  of  the  twenty  known  metallic 
fubftances,  namely,  acidification,  oxidation,  and 
duétility  ; I divide  the  metals  into  five  dalles, 
in  the  following  manner  : 

1 6.  In  the  fir  ft  clafs,  are  comprehended,  the 
brittle  and  acidifiable  metals  ; which  are  fueep- 
tible  of  affirming'  the  characters  of  acids,  by  the 
combination  of  a greater  or  lefs  proportion  of 
oxigen.  In  this  clafs,  are  four  fpecies,  namely, 

Arfenic, 

Tungften, 

Molybdena, 

Chrome. 

There  is  no  doubt,  but  that  a greater  number 
will  hereafter  be  difeovered. 

1 7.  The  fécond  clafs  includes  metals  brittle 
like  the  former,  but  not  like  them  acidifiable» 
Thefe  cannot  be  carried  beyond  the  ftate  of  oxi- 
dation, whatever  may  be  the  quantity  of  oxigen 

applied 
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applied  to  them.  This  clafs  contains  eight 
fpecies,  namely. 

»■  Titanium' 

? 

Uranium, 

/ 

Cobalt, 

Nickel, 

Mansmneie. 

O J 

Bifmuth, 

Antimony, 

Tellurium, 

It  may  be  remarked,  that  of  all  the  five  clafTes 
this  is  the  moft  numerous, 

1 8.  To  the  third  clafs  appertains  metals  Amply 
oxidable  like  thofe  of  the  fécond  clafs,  but  which 
differ  from  it  by  a commencement  of  duélility. 
Two  metals  only  compofe  this  third  di vhion, 
mercury  and  zinc.  The  fir  ft  congealed  at  a 
temperature  of  3(2  degrees  below  0,  of  the  ther- 
mometer ofelleaumur,  may  be  flattened  by  per- 
cuftion.  It  is  the  leaft  numerous  in  fpecies  of 
the  five  claftes.  The  metals  of  thefe  three  firft 
claftes  were  formerly  called  fern i -metals. 

1ft.  In  the  fourth  clafs,  I place  the  very  duc- 
tile metals  differing  in  this  refpefil  from  thofe  of 
the  preceding  claftes,  which  were  only  flightly, 
bat  eafily  oxidable,  and  diftinguiihed  by  that 
character  from  the  following  clafs.  In  this  clafs 
are  fotir  metallic  lubltances, 

Tin, 

Lead, 

Iron, 

Copper, 


Thefe 
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Thefe  four  metals  formerly  compofed  the 
feries  of  imperfect  metals. 

20.  Laffily,  the  fifth  clafs  comprehends  the 
very  ductile  metals  fo  difficulty  oxidahle  or  al- 
terable, that  a few  years  ago,  they  were  defig* 
nated  by  the  expreffion  of  perfect  metals,  as  ad- 
mitting* the  molt  perfect  alfemblage  of  all  the 
metallic  properties.  The  three  fpecies  which 
formed  this  clafs  are, 


Silver, 

Gold, 

Plat  i n a, 

21.  From  this  diviuon  and  arrangement  of  the 
twenty-one  known  metals,  there  already  refis  Its 
a notion  of  cordiderable  accuracy  re fpcCiin g cer- 
tain properties,  and  particularly  thofe  by  which 
thefe  bodies  are  rendered  moft  ufeful  to  fociety. 
According*  to  tins  method  we  might  purfue  the 
various  companions  to  he  pointed  out  in  the 
following  paragraphs  relative  to  the  generic 
properties  of  metals,  before  we  pafs  to  the  indi- 
vidual hiftory  of  each. 


Sect; ox  III, 

Oil  the  Phyfieal  properties  of  the  Metals, 

22.  IN  order  to  underhand  the  characters 
and  phenomena  preferred  by  the  metals,-  it  is 
neceifary  in  the  firft  place  to  form  a proper  no- 
tion of  their  phyfieal  properties,  without,  how- 

however. 
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ever,  entering  into  an  extenfive  detail  which 
belongs  to  other  branches  of  human  knowledge. 
Among  a number  of  properties  perceptible  to 
our  fenfes  which  may  be  meafured  and  efti- 
mated,  and  do  not  change  the  nature  of  the 
metals,  I reckon,  1 . Their  brilliancy,  2.  Colour, 
3.  Denfity  or  weight,  4.  Hard  nefs,  5.  Elafti- 
city,  6.  D utility,  7.  Tenacity,  8.  Condudli- 
bility  of  caloric,  Q.  Dilatability,  10.  Fufibility, 
11.  Volatility,  12.  Cryftallizability,  13.  Elec- 
tricity, 14.  Odour.  We  mull  refume  each  of 
thefe  properties  with  fome  developements. 

23.  Brilliancy,  is  a character  fo  evident  in 
metals,  that  it  has  been  denominated  the  me- 
tallic brilliancy.  It  arifes  from  a complete 
reflexion  of  the  luminous  rays  by  metallic 
furfaces.  They  form  mirrors  which  reflebt  the 
perfedl  images  of  objedts.  If  any  other  minerals 
or  foffil  fubflance  fometimes  prefent  an  ap- 
pearance of  brilliancy,  as  we  fee  in  mica,  of 
which  the  firft  avaricious  conqueror  of  Peru 
was  the  dupe,  when  he  took  them  for  filver 
and  gold,  this  illufion  is  deftroyed,  when  the 
falfe  brilliant  is  fcratched  with  a point,  where- 
as the  metal  by  the  fame  treatment  is  no  lefs 
brilliant  in  the  excavated  line,  than  on  the 
furface.  With  regard  to  the  gradation  of  this 
property,  the  metals  may  be  placed  in  the  fol- 
lowing order, 

Platina, 

Iron  and  fteel, 

Silver, 

Mercury, 
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Mercury, 

Gold, 

Copper* 

Tin, 

Zinc, 

Antimony, 

Bifmuth, 

Lead, 

Arfenic, 

Cobalt,  and  the  other  brittle  metals* 

24.  Colour,  is  a confiant  property  inherent 
to  the  intimate  nature  of  metals,  whereas  it  is 
accidental,  and  not  ever  fpecific  in  other 
fofiils,  and  as  the  metals  are  the  moft  opaque, 
and  the  moft  denfe  bodies  in  nature,  their  co- 
lour is  very  intenfe,  or  rather  confounded  with 
the  brilliancy  which  depibts  it  ftrongly  in  our 
eyes  ; it  may  therefore  be  confidered  as  a fpe- 
cific  character.  White  is  the  mod  common 
colour  of  the  metals,  but  there  are  alfo  yel- 
low and  red.  The  former  were  diftinguifhed 
by  the  name  of  the  lunar  metals,  becaufe  diver, 
or  luna,  which  was  placed  at  the  head  of  thefe 
metals  is  a white  colour  ; and  the  fécond  were 
denominated  folar  metals,  becaufe  of  the  yel- 
low colour  of  gold,  which  bore  the  fignature 
of  the  fun.  By  a more  accurate  examination 
of  the  metals  as  to  their  colour,  we  find  them 
grey,  as  in  iron,  molybdena,  tungften,  ura- 
nium, manganefe  ; blueifii  as  lead  and  zinc  ; 
yellowifh  as  bifmuth  ; red  dilh -grey,  cobalt  ; 
reddifli- white,  nickel.  Though  the  colour  b® 
Vol.  V,  C permanent 
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permanent  in  the  metals,  while  they  themfelves 
are  fuppofed  to  be  in  a permanent  hate,  it 
neverthelefs  is  very  eafily  changed  in  thofe 
bodies  by  the  flighted  combination, 

25.  Denfity  of  mafs,  or  quantity  of  matter 
contained  under  a given  volume  ; whence  the 
fpecific  gravity  that  refults  is  greater  in  the 
metals,  than  in  any  other  natural  bodies.  It  is 
concluded,  that  their  particles  are  nearer  to 
each  other,  and  that  their  pores  are  fmaller 
than  can  be  imagined  in  any  other  bodies. 
This  denfity  is  the  caufe  of  their  brilliancy. 

The  metals  when  compared  by  this  property, 
{land  with  regard  to  each  other  in  the  follow-, 
ing  order,  fuppofmg  pure  water,  to  which  they 
are  all  compared  to  have  the 


Specific  gravity, 

1,00 

Platina 

20,85 

Gold 

19;258 

Tungften, 

17,6 

Mercury, 

13,568 

Lead, 

1 1,352 

Silver, 

10,474 

Bifmuth, 

9,822 

. Nickel, 

7,80  7 

Cobalt, 

7fi  1 1 

Copper, 

7,788 

Iron, 

7,6 

Tin, 

7,291 

Zinc, 

7,19 

Manganefe, 

6,85 

Antimony, 

6,702 

U ranium, 
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Uranium,  6,44 

Arfenic,  5,763 

The  fpecific  gravity  of  molybdena,  titanium, 
chrome  and  tellurium  are  not  known. 

26.  The  hardnefs  of  the  metals  varies  fre- 

/ 

quently  in  thofe  which  are  duétile,  becaufe 
their  parts  may  be  brought  nearer  together  by 
different  degrees  of  preffure.  It  does  not  vary 
in  thofe  which  are  brittle.  It  is  often  lefs 
than  that  of  the  ftony  foffils,  fmce  thefe  re- 
duced to  a powder  grind  their  furfaces,  and 
ferve  to  polifh  the  metals.  It  is  therefore 
evident  that  this  property  does  not  follow 
denfity,  and  that  it  depends  on  the  integrant 
particles,  and  not  on  their  vicinity  to  each 
other.  This  property  is  eft i mated  or  determin- 
ed by  the  manner  and  the  difficulty  of  polifh- 
ing  the  duétile  metals,  as  well  as  by  the  effetf 
of  a blow  on  the  brittle  metals.  By  com- 
paring them  it  is  found  that  eight  degrees  of 
hardnefs  may  be  exhibited  by  an  arrangement 
of  the  metals,  and  that  beginning  with  thofe 
which  poffefs  the  property  in  the  higlieft  de- 
gree we  fhall  place, 

In  the  fir  ft  rank,  iron  and  manganefe, 

In  the  fécond,  platina  and  nickel, 

In  the  third,  copper  and  bifmuth, 

In  the  fourth,  filver, 

In  the  fifth,  gold,  zinc,  and  tungften, 

In  the  fixth,  tin  and  cobalt, 

In  the  fcventh,  lead  and  antimony, 

C 2 In 
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In  the  eighth,  arfenic,  the  moft  brittle,  in  fact 
of  the  brittle  metals. 

Mercury  being  conftantly  fufed,  cannot  be 
compared  with  refpect  to  this  property.  The- 
comparative  hardnefs  of  titanium,  uranium, 
molybdena  and  chrome  is  unknown. 

27.  The  elafticity  in  metals  appears  to  fol- 
low the  fame  order  as  the  hardnefs. 

28.  Dudtiiity,  is  one  of  the  moft  important, 
and  moft  ufeful  phyfical  properties  of  the  me- 
tals, and  belongs  exclufively  to  thefe  bodies. 
Its  name  is  derived  from  the  habitude  of  thefe 
bodies,  to  fuffer  themfelves  to  be  led  or  drawn 
beneath  the  hammer,  the  preffmg-cylinder,  or 
tli rough  the  wire-plate.  It  is  cauled  by  the 
metallic  particles,  Hiding  over  each  other  with- 
out diminution  of  their  adhefion,  when  this 
effect  is  produced  by  preffure.  A kind  of 
variety  is  remarkable  in  the  dubtility  of  metals. 
Some  in  faét,  are  much  more  capable  of  being" 
flattened  than  drawn  out,  as  lead  and  tin,  and 
others  in  the  contrary  ftate  as  iron.  It  is 
thought,  that  this  depends  on  the  form  of  the 
particles,  and  the  nature  of  their  aggregation. 
The  malleable,  and  laminable  metals  feem  to 
be  compofed  of  fmall  plates,  and  the  malleable 
metals  of  fibres  placed  one  betide  the  other. 
The  one  Hide  by  their  flat  furfaces,  the  other 
lengthen,  and  adhere  end  to  end.  When  the 
metals  are  compreffed,  caloric  is  expreffed  or 
driven  out  from  between  their  particles,  and 

they 


21 


CLASSIFICATION  OF  METALS. 

they  become  hot.  The  more  thefe  are  con- 
den  fed,  the  more  hard  and  eiaftic  they  become, 
with  an  increafe  of  fpecihc  gravity,  at  the 
fame  time  that  they  become  more  ftiff  and 
brittle  fo  that  they  crack,  and  are  broken 
af Linder.  This  laft  property  is  denominated 
hammer-hardening.  Ductility  and  foftnefs  is 
reftored  to  metals  by  heating  them,  and  this 
operation  when  applied  for  the  fpecihc  purpofe 
here  mentioned  is  called  annealing.  Though 
we  cannot  really  compare  the  ductility  of  me- 
tals excepting  in  thole  which  are  not  brittle, 
it  will  not  be  impertinent  to  affign  refpeCtive 
rank  to  them  in  the  order  of  this  property,  to 
determine  the  degrees  of  brittlenefs.  Beginning 
by  tliofe  which  are  moft  dudtile,  and  defeend- 
ing  to  the  metals,  which  are  the  moft  brittle, 
the  following  arrangement  muft  be  admitted: 
Gold, 

» 

Platina, 

Silver, 

Iron, 

Tin, 

Copper, 

Lead, 

Zinc, 

Mercury, 

Nickel,  » 

Tungften, 

Bifmuth, 

Cobalt, 

Antimony, 


Manganefe, 
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Manganèfe, 

Uranium, 

Molybdena, 

Titanium, 

• Chrome, 

Arfenic. 

* v- 

It  muft  be  remarked,  that  the  arrangement 
of  the  eleven  laft  metals,  all  of  which  are 
brittle,  is  not  as  well  determined,  as  that  of 
the  real  ductility  of  the  nine  preceding  ; that 
nickel  feems  to  approach  fomewbat  near  to 
the  fame  dudtility  of  zinc  ; that  fome  authors 
even  placé  it  before  this  laft  with  regard  to 
that  property,  though  I do  not  think  them 
well  founded  in  that  alfertion,  and  that 
the  metals  moft  recently  known,  molybdena, 
titanium,  uranium  and  chrome,  have  not  yet 
been  futficiently  examined,  nor  perhaps  fuffici- 
ently  purified  to  admit  of  the  order  I have 
affigned  to  them,  being  eonfidered  as  definitive, 

29.  The  word  denfity,  expreffes  the  cohe- 
fion  of  the  metallic  particles  with  each  other. 
As  this  property  is  of  great  importance  in  the 
arts,  it  has  long  been  meafured  by  means  of  me- 
tallic wires  of  the  fame  diameter,  at  the  ex- 
tremity of  which,  weights  are  fufpended  un- 
till the  wires  break.  The  wire  is  fixed  by  its 
fuperior  extremity,  and  drawn  by  the  inferior 
to  which  the  weights  are  attached. 

We  cannot  efiimate  this  force,  but  upon 
the  feven  metallic  fubftances,  which  are  capa- 
ble 
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foie  of  being  drawn  into  wire.  They  mull  be 
arranged  in  the  following  order  : 

Iron, 

Copper, 

Platina, 

Silver, 

Gold, 

Tin, 

Lead. 

SO.  I give  the  appellation  of  conductibility 
to  that  property  which  metals  polfefs,  of  fuf- 
fering  caloric  to  pafs  rapidly  between  their 
particles,  and  confequently  to  deprive  other 
bodies  fpeedily  of  their  heat,  and  to  communi- 
cate it  equally  to  thofe  which  touch  them 
when  they  themfelves  are  heated.  Experi- 
ments of  lufficient  accuracy  have  not  been  yet 
made  refpecting  this  property,  to  enable  me 
to  offer  in  this  place,  the  relation  which  would 
prefent  itfelf  between  the  different  metallic 
fubftances.  It  appears  to  follow  a particular 
law  in  the  metals,  and  is  frequently  in  a pro- 
portion, if  not  oppofite,  at  leaft  very  different 
from  that  of  the  fufibility. 

31.  The  dilatability  by  caloric,  ought  to  be 
ranked  among  the  phytical  properties.  It  con- 
lifts  only  in  the  fnhple  feparation  of  the  par» 
tides  of  metal  by  thofe  of  caloric  which  in- 
terpofe,  and  accumulate  themfelves  between 
thefe  particles,  and  at  the  fame  time  diminifh 
their  adherence,  and  their  attraction.  As  it 
does  not  alter  the  chemical  properties  of  thefe 
bodies,  and  is  in  truth,  only  a phyfical  action, 

con- 
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confifting  only  in  a commencement  of  change 
of  ftate  with  regard  to  metallic  fubftances  ; as 
this  property  poheffes  many  ufeful  relations  to 
the  arts  in  which  metals  are  employed,  and  is 
of  confequence,  that  it  fhould  be  well  known, 
it  would  be  of  very  elfential  fervice  to  the  in— 
duftry  of  man,  if  it  were  pofitively  deter- 
mined ; but  this  has  not  yet  been  performed 
with  the  accuracy  that  might  be  wi fired.  We 
know  that  it  is  fenfibly  proportional  in  each 
metal  to  the  augmentation  of  caloric  between 
the  limits  of  the  graduation  of  our  thermome- 
ters ; but  at  the  approach  of  ignition  the  di- 
latation follows  a law,  much  more  rapid  than 
the  elevation  of  temperature,  becaufe  the  ex- 
panfive  force  of  caloric  being  then  only  weakly 
balanced  by  the  mutual  attraction  of  the  me- 
tallic particles,  is  almoft  totally  employed  in 
feparating  the  particles  from  each  other.  In 
order  to  eftimate  the  dilatation  of  the  metals, 
the  ratio  of  this  dilatation,  according  to  one 
denomination,  being  given  by  the  experiment 
for  one  degree  of  the  thermometer,  the  frac- 
tion which  reprefents  this  ratio,  is  multiplied 
by  the  number  of  degrees  to  which  the  tem- 
perature has  been  railed.  This  produCt  muft 
be  fquarcd,  if  the  dilatation  of  furface  be  re- 
quired, or  cubed,  if  that  of  bulk  be  expected, 
and  thofe  relative  expanlions  in  a given  mag- 
nitude of  metal,  may  be  eafily  applied  to  in- 
dividual quantities  in  order  to  obtain  the  ab- 

folute 
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lolute  quantity  of  dilatation  in  any  required 
in  ftan  ce. 

32.  Fufibility,  like  the  laid  mentioned  pro» 
perty  is  truly  of  a phyfical  nature,  fmce  it  is 
nothing  more  than  the  effect  of  dilatation,  ear- 
ned to  that  degree  in  which  the  expanfive  force 
of  caloric  prevails  over  the  mutual  attraction 
of  the  metallic  parts,  fo  as  to  admit  them  to 
move  freely  in  every  direction  amongft  each 
other,  and  to  yield  to  the  flighted  preffure. 
V e muh  not  confider  it  as  a combination  of 
caloric  with  the  metals,  becaufe  the  fufion 
ceafes  when  the  caloric  is  difengaged,  and  be- 
caufe it  is  neceffary,  that  the  fupply  of  caloric, 
ih  ou  Id  be  continually  kept  up  m order  that 
fulion  may  take  place.  This  property  varies 
Angularly  in  the  metals,  and  each  of  them  may 
be  heated  to  very  different  degrees  before  they 
how.  As  the  temperature  to  which  they  rife 
at  the  moment  of  fufion,  cannot  always  be 
meafured  or  indicated  by  thermometers,  it  has 
been  determined  in  the  following  table  by 
Citizen  Guyton,  as  well  according  to  the  gra- 
duation of  Reaumur,  as  the  pyrométrie  fcale 
of  Wedgwood.  The  want  of  fufion  in  arfenic, 
which  is  more  volatile  than  fufible,  could  only 
be  efti mated  by  approximation,  and  thofe  of 
molybdena,  tungften,  uranium  titanium,  and 
chrome,  which  are  very  difficult  to  fufe  in 
genu  al,  icfemble  platina  in  this  refpeCL 


Fufibility 
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Fufibility  deter- 
mined by  the 
thermometer 
of  Reaumur. 


r 


\ 


C. 


31 
0 
lb8 
205 
296 
345 


/ 


Fufibility  deter- 
mined by  the 
pyrometer  of 
Wedgwood. 


r 

27 

£8 


160 


0 Mercury, 
Tellurium, 

0 Tin, 

0 Bifmutb, 

0 Zinc, 

0 Antimony. 

Copper, 

Silver, 

Gold, 

Iron,  nickel, 
cobalt, 

W Platina,  man- 


ganefe. 

33.  Volatility  is  the  confequence,  and  as  it 
were  the  extreme  of  fufibility.  When  the  par- 
ticles being  as  far  removed  from  each  other 
by  the  expan  Ability  of  caloric  move  freely 
amongft  each  other,  if  ftill  more  caloric  be 
accumulated  between  them  they  feparate  more, 
become  fufed  in  that  fubftance,  partake  its  elaf- 
tic  fluidity,  and  rife  in  vapours  which  are 
eondenfed  in  proportion  as  the  caloric  which 
is  only  interpofed  abandons  them.  We  might 
imagine  that  this  property  fliould  obey  the  fufi- 
bility ; but  though  it  has  not  yet  been  exactly 
eftimated,  we  mull  not  confider  the  one  pro- 
perty as  regulating  the  other.  It  was  formerly 
afferted,  to  be  the  character  of  the  brittle  me- 
tals or  femi-metals  to  be  volatile.  We  may 
obferve,  that  arfenic,  which  is  much  more  vo- 
latile than  fufible,  occupies  the  fécond  rank 
in  this  refpeél  after  mercury  ; that  bifmuth 
and  antimony  immediately  follow  ; that  tin 

and 
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, and  lead  fo  much  more  fufible  than  the  latter 
are  yet  volatile  only  with  extreme  difficulty, 
and  that  a (Iron g fire  is  required  to  volatilize 
copper,  filver  and  gold,  metals  of  a middle 
fufibility  as  was  formerly  obferved.  An  ex- 
treme heat  is  required  to  reduce  iron,  and  the 
other  lefs  fufible  metals  into  vapour. 

34.  Cryftallizability  conflits  in  the  ten- 
dency of  the  metallic  particles  when  feparated 
from  each  other  by  their  fluidity,  to  approach 
each  other  by  furfaces  belt  adapted,  and  to 
affume  by  their  arrangement  a regular  form 
concerning  which  we  have  already  treated  in 
the  fécond  Section  of  the  prefent  work.  When 
the  metals  after  fufion  are  inhered  to  cool  very 
(lowly,  and  the  congealed  furface  is  broken, 
we  find  under  the  inner  portion  which  (till 
remains  fluid,  after  pouring  the  portion  off, 
cryftallizations  of  various  degrees  of  regu- 
larity depending  on  the  regular  tetrahedron  or 
cube,  which  is  the  form  of  their  integrant 
particles.  We  (hall  obferve  the  varieties  which 
this  double  form  produces  in  the  hiftory  of 
each  metal. 

35.  All  the  metals  eminently  poflefs  the 
faculty  of  conducting  electricity,  in  confe- 
quence  of  which  they  are  ufed  in  a multitude 
of  electrical  experiments.  It  appears  that  gal- 
vanifm,  or  the  property  of  exciting  convulfive 
motions  in  the  mufcles,  by  interpofition  of 
two  different  metals,  brought  near  each  other 
after  having  caufed  them  to  communicate  with 

and 


CLASSIFICATION  OF  METALS* 


the  nerves  which  are  diftributed  in  the  muicles 
depends  on  their  conducting  quality,  and  that 
it  is  intimately  related  with  electricity  as  Volta 
thinks  he  has  proved.  The  eleétric  fluid  in 
this  refpeét  only  follows  in  its  progrefs,  or  its 
communication,  a law  fomewhat  different  from 
thofe  which  direét  it  among  bodies  not  animated, 
and  there  ftill  remain  difcoveries  to  be  made  in 
metallic  galvanifm,  confidered  under  this  point 
of  view. 

56,  Odour,  a property  with  which  all  bo- 
dies are  endued,  and  which,  being  inherent 
in  their  nature,  does  not  fuppofe  with  regard 
to  men  and  other  animals,  who  poffefs  le  n fat  ion, 
any  other  requifite  than  the  tranfpofition  of 
thefe  bodies  into  their  noftrils,  and  contact  with 
their  oîfaétory  nerves,  is  much  more  fenfible  in 
fome  metals  than  in  others,  for  which  reafon, 
attempts  have  been  made  to  characterize  certain 
metals  from  this  property.  It  mult  be  remarked 
with  regard  to  odour,  that  the  metals  which 
poffefs  it,  appear  to  be  enveloped  with  an  atmof- 
phere,  which  is  truly  a faturated  folution  of 
their  particles  ; that  the  air  carries  a portion  of 
this  lolution,  and  applies  it  to  the  furface  of  all 
bodies,  and  confequently  to  the  fenfible  mem- 
brane of  the  noftrils,  where  it  caufes  percep- 
tion. It  is  alio  in  this  metallic  atmof- 
phere  which  exifts,  even  with  regard  to  the 
metals  fuppofed  to  have  no  odour,  that  the  mag- 
netic, eleétric,  galvanic,  and  probably,  many 
other  phenomena  more  manifeftly  chemical, 

take 
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take  place,  which  feem  to  be  with  regard  to 
ordinary  chemical  operations,  the  fame  as  thofe 
microcofmic  beings,  of  which  modern  difcoveries 
have  exhibited  as  it  were  a new  world,  bear 
to  the  natural  beings,  which  fall  under  the  or» 
dinary  obfervation  of  our  fenfes. 

37.  Tafte  is  alfo  a very  remarkable  property 
of  a great  number  of  metallic  fubftances.  Three 
metals  only  are  exempt,  namely,  filver,  gold, 
and  platina,  and  this  was  one  of  the  reafons 
which  caufed  them  formerly  to  be  regarded  as 
more  perfedt  than  the  others.  Every  one  knows 
the  tafte  of  copper,  of  iron,  of  tin,  and  of  lead. 
Phyficians  carefully  obferve  the  taftes  of  zinc, 
of  mercury,  of  antimony,  of  arfenic,  of  bif- 
muth,  and  they  know  that  this  property  accom- 
panies, and  even  defignates  the  adtive  properties 
of  thefe  metals  on  the  animal  economy.  Though 
this  tafte  be  really  peculiar  to  each  metal,  it  has 
nevcrthelefs,  in  all  of  them,  a general  charadter 
which  has  been  called  metallic  tafte.  It  is  a 
kind  of  hard,  acrid,  flight  ftyptic  tafte,  more  or 
lefs  evident,  but  always  difagrceable,  which 
excites  fpitting,  and  announces  a deftrudtive 
character.  This  property  is  ftill  more  ftrong  and 
powerful  in  various  combinations,  and  particu- 
larly in  metallic  folutions  and  faits,  as  we  fhall 
hereafter  fee. 
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Section  ÏV. 

Concerning  the  Natural  Hifiory  of  the  Metals. 

88.  NATURE  prefents  the  metallic  fub« 

fiances  oil  the  furface  or  in  the  interior  of  the 

globe*  They  are  either  alone  or  combined  with 

different  matters.  Thefe  laft  combinations  are 

called  ores.  They  are  depofited  in  beds  more 

or  lefs  continuous  between  the  beds  of  ftones 

and  earthy  faits,  where  they  form  what  is  called 

veins.  The  part  which  covers  them  is  called 

the  roof,  that  which  fupports  them  the  floor, 

and  the  collection  of  ftones  or  crvftals  which 

*/ 

accompany  ores,  conftitutes  their  gangue  or 
matrix. 

39.  Veins  are  diftinguifhed  into  rich  or  poor, 
head  veins  or  fprigs,  true  veins  or  crofs  veins* 
The  terms  rich  and  poor  applied  to  the  veins  of 
ores  explain  themfelves  ; the  head  veins  are  in 
large  mafles,  which  will  pay  well  for  the  work- 
ing ; the  final  Is  veins  are  fcattered  or  difperfed 
and  do  not  deferve  working.  They  are  only 
followed  occalionally,  in  order  to  find  the  head 
vein  from  which  they  branch.  Direct  veins 
are  thofe  which  follow  the  fame  direction,  and 
may  be  eafily  purfued.  Crofs  veins  are  thofe 
which  are  interrupted  or  broken,  and  feem  to 
lofe  their  continuity. 


40.  The 
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40.  The  name  of  ores  fuppofes  the  metals  to 
be  combined  with  feme  foreign  fubftances 
which  marks  their  properties,  and  has  beendenc<* 
minated  the  mineralizer.  For  the  fame  reafon, 

metals  in  this  ftate  are  faid  to  be  mineralized. 

* 

It  often  happens  that  two  or  more  metals  are 
united  at  the  fame  time  to  the  fame  mineralizer; 
and  frequently,  one  Angle  metal  is  at  the  fame 
time  combined  with  various  mineralizers,  and 
ftill  more  frequently  are  there  in  ores,  all  toge- 
ther a number  of  metals  and  mineralizers. 

4L  The  metals  and  their  ores  are  ufually 
found  in  ancient  primitive  mountains  of  granite, 
gneis,  quartz,  between  the  beds  of  which  their 
veins  flow  either  in  horizontal,  oblique,  or 
inclined  directions.  The  latter  is  the  moil 
frequent  : fo  that  the  head  of  the  vein  al- 
moft  always  appears  out  of  the  earth,  or  to 
the  day,  and  by  that  means  gives  a certain 
indication  of  its  prefence.  The  pretended 
bad  ftate  of  the  trees,  the  drynefs  and  want  of 
vigour  in  plants,  the  hard  and  dry  fands  are 
but  uncertain  indications  of  ores.  The  pre- 
tended inclinations  and  rotations  of  branches 
of  trees  fupported  on  the  fingers,  and  which 
are  called  divining-rods  are  mere  tricks  of 
knavery  and  quackery,  as  are  likewife  the 
tremblings,  convulfions,  and  indifpofitions  pre- 
tended to  be  buffered  by  certain  men  who  in 
that  manner  impofe  upon  human  credulity. 
The  coloured  and  metallic  fands,  fragments  of 
the  ores  attached  to  mountains,  rolled  down  in 
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the  plains,  waters  charged  with  certain  me** 
tallic  faits,  and  laftly,  the  boring  infiniment, 
are  the  only  fure  indications,  which  defer ve 
the  confidence  of  thofe  who  fearch  after  me-* 
tallic  bodies. 

42.  Befides  the  ores  of  original  formation 
concealed  in  the  bowels  of  mountains,  and 
which,  croffing  them  in  veins,  feem  to  have  been 
poured  at  one  fingle  call  at  the  very  time  of  the 
formation  of  thefe  mountains,  we  find  fome 
minerals  depofited  in  fecondary  ftrata,  in  malles, 
in  ftalaélites,  incruftations,  cry  fiais,  in  moun- 
tains or  hills  of  modern  formation,  where  they 
fill  fubterraneous  clefts  and  cavities.  Thefe  are 
manifeftly  owing  to  the  operation  of  water,  and 
the  tranfport  of  matters  altered,  diffolved,  mo» 
dified  in  their  paffage.  The  oxigen  of  the  for- 
mer veins  is  not  fo  well  underflood,  though  it  is 
alfo  attributed  to  water. 

43.  The  numerous  difcoveries  which  have 
been  made  in  the  lafl  half  century  refpeéling 
the  nature  of  ores,  and  the  lèverai  mofl  modern 
analyfes  which  have  much  enlightened  and 
fimplified  our  knowledge,  refpeéling  which, 
there  were  ftill  many  errors  and  hypothefes 
before  the  later  labours  of  Bergmann,  Klaproth, 
and  Vauquelin,  permit  us  at  prefent  to  clafs 
thefe  natural  productions,  or  to  reduce  the 
various  ftates  of  foffils  to  five  clafles,  namely, 

a . Native  metals, 

b . Metals  alloyed  together, 

c.  Metals  united  with  combuftible  bodies, 
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And  laftly,  metallic  oxides  combined 
with  the  acids 

44.  The  ridiculous  name  of  virgin  metal 
was  formerly  given  to  thofe  which  are  at  p re- 
fen t more  accurately  called  native  metals.  This 
ftrft  clafs  includes  metallic  fubftances  which 
are  found  in  the  earth,  in  pofleftion  of  all 
their  charaéleriftiç  properties,  brilliancy,  co- 
lour, form,  weight,  ductility,  & c.  Platina, 
gold,  hiver,  copper,  mercury,  bifmuth,  anti* 
mony,  and  arfenic,  are  frequently  found  in  this 
ftate,  iron  more  feldom,  and  tin,  lead,  zinc, 
&c.  hill  more  feldom.  To  this  clafs  are  re- 
ferred thofe  metals  which  in  their  native  ftate 
are  alloyed  only  with  fmall  quantities  of  other 
metals,  fo  as  to  occahon  very  little  alteration  in 
their  obvious  properties. 

45.  Metals  alloyed  together  without  any 
other  combination,  and  without  union  with 
combuftible  bodies,  are  much  more  fcarce  in 
nature  than  might  be  imagined.  Gold  and 
hiver,  gold  and  copper,  mercury  and  hiver,  are 
only  found  in  this  ftate. 

46.  The  natural  combinations  of  metals  with 
combuftible  bodies,  are  on  the  contrary,  much 
more  numerous  and  more  multiplied.  We  might 
even  fay  that  it  is  in  this  ftate,  particularly  in 
that  of  metallic  fulphurets,  that  nature  has 
created  them;  Thefe  fulphureous  compounds 
form  the  veins  of  ores,  or  thofe  continued  maftes 
with  which  the  mountains  are  interfered.  Thefe 
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veins  are  moft  commonly  explored  by  many 
and  from  thefe,  the  greateft  quantity  of  the 
metals  ufed  in  fo ci ety,  are  obtained.  Such, 
more  efpecially,  are  the  ores  ot  lead,  copper, 
hiver,  zinc,  mercury,  antimony,  &c.  It  is 
not  improbable,  but  that  other  combuftible 
bodies,  carbon,  and  particularly  phofphorus, 
may  be  dilcovered  as  mineralizers  of  metallic 
fubftances. 

47.  The  metallic  oxides  are  alfo  very  abund- 
antly fpread  over  the  face  of  the  globe.  But 
they  are  never  found  in  fuch  large  malles  as  the 
fulphurets  : they  have  long  been  conlidered  as 
metallic  earths,  becaufe  they  have  an  earthy 
appearance.  They  are  the  product  of  the  pri- 
mitive veins  penetrated,  carried  off,  and  tranf- 
ported  by  water  ; and  are  found  in  mountains  of 
fecondary  formation.  The  oxides  are  ufually 
rich  in  metal,  and  eafy  to  be  treated.  In  this 
ftate  more  efpecially  are  found  copper,  iron, 
lead,  zinc,  antimony,  and  all  the  brittle  metals. 
FI  at  ina,  gold,  and  hiver  are  the  only  metals 
which  arc  not  found  native  in  this  form. 

48.  Laftly,  the  faline  metallic  combinations* 
or  compounds  formed  of  metallic  oxides,  united 
with  acids  or  the  (impie  radical,  likewife  form,  if 
not  the  moft  abundant  ores,  at  leaft,  tbofe  which 
nature  prefents  moft  frequently,  and  in  the  moft 
various  dates.  Native  fulphates  and  carbonates, 
of  copper,  of  iron,  of  lead,  of  zinc,  the  muriates 
of  molt  of  thefe  metals,  and  of  mercury,  the 
phofphates  of  lead  and  of  iron,  the  arien  i at  es, 
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the  molybdates,  the  tungftates,  and  the  chro- 
mates of  metals  are  all  found  in  the  native 
ftate.  Thefe  laft  four  are  particularly  formed 
by  the  oxides  of  the  brittle  metals  : fometimes 
in  beds,  in  depofitions,  in  ftaladfi  tes,  in  in- 
cruftations.  Sometimes  they  cryftallize  in  fub- 
terraneous  cavities  ; frequently,  they  are  dif- 
folved  in  water,  but  they  are  never  found  in 
maffes  like  the  fulphurets. 

é9-  The  value  of  metals  in  commerce,  and 
the  profit  they  afford  to  thofe  who  poffels  them, 
proportioned  to  the  rank  which  they  occupy  in 
the  eftimation  of  man,  have  frequently  caufed 
names  to  be  given  to  ores  which  very  inaccu- 
rately reprefent  their  true  nature.  Thus  it  is, 
that  the  denomination  of  ores  of  gold  and  filver, 
or  of  copper  is  given  to  inch  ores  as  really 
belong  to  other  metals,  with  refpecl  to  the  pro- 
portion of  metallic  matter  they  contain,  though 
they  afford  a fufficient  quantity  of  gold,  filver, 
or  copper  to  defray  the  expences  of  working 
with  advantage. 

50.  This  mode  of  denomination  has  caufed 
much  trouble  and  confufion  in  mineralogy,  and, 
though  feveral  authors  have  in  this  refpecl, 
adopted  the  nomenclature  of  the  miners  who 
confider  only  the  value  of  the  produét,  and  not 
the  proportions  of  the  component  parts,  it  is 
evident,  that  mineralogifts  ought  to  follow  a 
contrary  courfe,  and  refer  each  ore  to  the  metal 
which  it  moft  abundantly  contains  ; for  it  very 
often  happens,  that  minerals  contain  five  or  fix 
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different  metals,  united  at  the  fame  time  to  one 
or  more  mineralizers. 

51.  There  are  confequently,  three  different 
manners  of  diftinguifhing  and  claffmg  metallic 
ores.  One,  that  of  miners,  which  has  refpeCt 
only  to  the  precious  metal  which  is  afforded. 
This  is  not  the  method,  but  limply  the  ufage  of 
workmen  who  exprefs  the  aim  of  their  labours, 
or  the  end  towards  which  they  are  directed.  It 
cannot  but  be  hurtful  to  the  progrefs  of  fcience, 
when  applied  as  the  language  of  claflifi cation. 
The  fécond  conflits  in  referring  each  ore  to  the 
metal  with  Avhich  it  is  the  moft  charged,  and 
confequently,  to  follow  in  their  clarification  and 
diftribution  the  feries  of  the  metals.  We  fliall 
make  ufe  of  this  method  in  the  hiftory  of  each 
metal  The  third,  by  confidering  the  ores  almoft 
abftraCtedly  from  the  metals  with  which  they 
may  be  loaded,  and  confidering  them  only  as 
natural  compounds,  difpofcs  or  arranges  thofe 
according  to  the  number  and  the  proportion  of 
their  principles.  This  general  and  truly  minera- 
logical  method  may  ferve  to  clafs  regularly  the 
mineral  productions  of  nature.  A fketch  will 
be  prefented  in  the  feCtion  next  following  the 
prefen  t. 
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Section  V. 

Concerning  the  Art  of  A faying  Ores  or 

Docimafy . 

52.  BY  fucceffive  labors  in  the  art  of  allay- 
ing ores,  or  the  analyfis  of  the  natural  combina- 
tions of  metals  with  the  different  fubltanccs 
which  mineralize  them,  we  have  fucceeded  in 
diftinguifbing  thefe  compounds,  in  claffmg 
them,  and  in  referring  them  to  the  metals  to 
which  each  belongs.  Without  this  art,  no  phy- 
fical  property  or  apparent  character  could  have 
guided  men  to  this  diftinction,  and  the  know*- 
ledge  of  ores  would  have  remained  in  that  ftate 
of  uncertainty,  error  and  imbecility  in  which 
it  fo  long  languilhed  before  the  refearches  of 
modern  chemiffs. 

53.  Ores  were  at  firft  affayed  with  the  fimple 
view  of  ascertaining  the  advantage  which  might 
be  derived  from  them,  the  nature  and  quantity 
of  metallic  fubltances  which  might  be  expedlecf 
and  to  guide  miners  in  the  works  they  might  un- 
dertake, and  devote  to  the  exploring  each  kind 
of  ore.  This  intention  was  not  in  the  early 
times  diredled  to  the  accurate  analyfis  of 
minerals,  or  to  afcertain  with  precifion  the  na- 
ture or  order  of  their  component  parts.  The 
only  views  which  at  firft  animated  chemifts, 
were  to  afcertain  the  proportion  of  metal  they 
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tained,  the  facility  and  difficulty  of  extracting 
it,  and  to  compute  the  lofs  and  charge  which 
that  operation  might  require.  Thus  far  the 
docimaftic  art  was  confined  to  the  Ample  practice 
of  the  miners.  But  fkilful  chemiTts  having  been 
frequently  confulted  refpeCting  this  art,  and 
the  great  varieties  obferved  in  different  mo- 
difications  of  the  fame  metal,  having  ftruck 
thofe  Avl  10  were  charged  with  their  examina- 
tion,  the  docimaftic  art  foon  advanced  towards 
perfection,  and  has  become  one  of  the  mo  ft  im- 
portant branches  of  chemiftry.  Its  refults  are 
no  longer  confined  to  the  mere  metallic  pro- 
ducts ; they  are  extended  to  the  different  matters 
which  mineralize  metals,  their  proportion,  their 
adhefion,  their  attractions,  and  their  various 
modifications  or  habitudes. 

54.  The  art,  therefore,  being  elevated  to  new 
conceptions,  became  connected  with  minera- 
logical  fcience.  It  is  an  effential  part  of  this 
branch  of  natural  hiftory,  to  which  it  has  given 
a great  degree  of  perfection.  W e are  led,  there- 
fore, to  diftinguilh  docimafy  into  two  parts, 
the  one  which  is  directed  merely  to  enlighten 
metallurgy,  fo  as  to  precede  and  direCt  its  pro- 
ceffes  ; and  the  other,  which  confiders  its  fub- 
jeCt  in  a greater  extent,  and  not  only  applies 
to  the  refearch  of  the  metal,  and  the  means  of 
extracting  it  with  the  leaft  trouble  or  charge, 
but  alfo  propofes  to  determine  with  accuracy 
the  materials  of  the  ores,  to  compare  them  to- 
gether, and  to  furnifh  the  means  of  fyftematically 
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■arransrinff  them.  The  aim  of  the  firft  is  to 
direct  métallurgie  practice;  the  other  while  it 
anfwcrs  the  fame  purpofe,  is  alfo  advantageous 
to  the  min  era-loin  ft  who  is  defirous  of  cl  afin  9; 
metalliferous  fulfils,  ‘ and  the  geologift  who  de- 
lires  to  know  their  formation,  their  changes, 
their  transitions,  and  refpeciive  relations  in  na- 
ture. The  chemiit  mult  confider  docimafy  in 
this  double  point  of  view,  in  order  to  form  a 
proper  conception  of  the  properties  of  metals. 

55.  Though  the  docimaftie  works  in  general 
may  be  confidered  as  really  different,  according 
to  the  ores  upon  which  they  are  employed,  they 
neverthelefs,  have  one  common  refemblance 
under  which  we  may  confider  the  procefs  as  an 
operation  nearly  analogous  with  all  minerals, 
at  leaft,  as  far  as  relates  to  the  art  of  the  miner. 
The  fpecimens  of  the  ore  are  firft  felected  out  of 
the  rich,  the  poor,  and  the  middling  famples  : 
this  is  called  lotting  it.  Thefe  are  pulverized, 
are  broken  in  a wooden  ft  am  per,  to  deprive 
them  of  their  light  ftony  matrix,  and  collect  the 
mineral  at  the  bottom  of  the  veil'd.  They  are 
roaffed  in  a ihallow  earthen  veflel,  with  a proper 
cover  to  prevent  lofs  by  decrepitation  ; by  this 
treatment,  the  volatile  part  of  the  mineralizer 
flies  off'  in  vapour  in  the  atmofphere,  and  the 
metallic  part  becomes  oxided.  The  ore  is  left 
ignited  till  it  emits  no  more  perceptible  vapour. 
The  weight  after  this  roafting,  ihows  the  pro- 
portion of  volatile  matter  it  contains.  The 
toafted  ore  is  afterwards  mixed  with  three  times 
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its  weight  of  black  flux  or  tartar,  half  burned 
by  nitre,  and  a fmall  quantity  of  muriate  of 
foda.  The  carbon  of  the  flux  thus  oxides  the 
metal.  The  alkali  caufes  the  matrix  to  flow, 
and  the  fea-falt  covers  the  metallic  fubftance, 
and  defends  it  from  oxidation.  When  the  fufion 
is  complete,  the  mixture  is  fuffered  to  cool, 
after  which,  under  a welbfufed  and  very  homo- 
geneous  fcoria,  the  metal  is  found  colledled 
in  a fingle  mafs,  of  which  the  weight  and  the 
nature  indicates  what  may  be  expedled  by 
métallurgie  work  in  the  large  way. 

56.  The  aflay  often  requires  to  be  modified 
in  certain  refpeéls  according  to  the  different 
nature  of  the  ore. 

In  fome  cafes,  more  active  fluxes  than  the 
black  flux  are  required,  particularly  for  the 
more  refraétory  or  more  infufible  ores.  In  that 
cafe,  borax  or  pounded  glafs  with  pot-aih 
is  taken,  and  frequently,  oil  or  tallow  is 
added  to  favor  the  reduction  of  the  metallic 
oxides.  Sometimes,  even  the  elective  attrac- 
tions are  employed  to  unmineralize  the  metal 
by  heating  the  ore  with  another  metal,  which 
has  a ftronger  attra&ion  for  fulphur  than 
that  metal  has  which  is  contained  in  the  ore. 
But  it  feldom  happens  in  cafes  of  this  fort,  that 
a portion  of  the  metal  employed  does  not  com- 
bine with  that  which  was  added,  fo  as  to  alter 
its  quantity  and  quality, 

57.  The  metal  obtained  by  this  firft  procefs 

is  feldom  pure,  A metal  difficult  to  burn,  fuch 
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as  was  formerly  called  a perfedl  metal,  frequently 
contains  a very  oxidable,  or  as  it  was  called, 
imperfedt  metal.  In  that  cafe,  to  ab  ft  rati  this 
laft,  the  metal  is  roafted  a fécond  time,  heating 
and  agitating  it  with  the  contadl  of  air  ; and 
though  this  procefs  has  not  an  extreme  accuracy, 
it  is  fufficient,  neverthelefs,  to  afford  a refult 
iuitable  to  the  expeditions  of  miners.  This 
method  of  afiaying  is  even  too  accurate,  in  fom§ 
inftances,  for  the  ncceffities  of  metallurgy  ; for 
it  gives  a greater  metallic  produdt  than  can  be 
hoped  for  in  the  large  way,  and  produces  ■ an 
error,  becaufe  it  requires  the  ufe,  and  is  made 
under  the  influence  of  fluxes  which  cannot  be 
applied  in  the  operations  in  the  large  way  : for 
this  reafon,  the  aflay  is  made  to  refemble  the 
métallurgie  works  more  clofely  by  attempting 
to  flux  the  ores  Amply  among  charcoal,  and  the 
fufion  is  aflifted  by  iron  feales,  or  glafs  gall;  mat- 
ters of  fdch  low  price  that  they  can  be  em- 
ployed in  the  large  way. 

58.  Though  the  aflay  may  be  fufficient  for 
the  miner  or  metal!  urgift,  thofe  who  cultivate 
mineralogy  and  chemiftry  are  not  content  with 
it,  becaufe  it  does  not  afford  the  information 
they  require  for  the  knowledge  and  claflification 
of  minerals,  Part  of  the  metal  efcapes  in  va- 
pour, part  remains  in  the  fcoria  ; the  metal  it- 
felf  is  more  or  lefs  impure,  and  its  ore  is 
diffipated  or  confounded  in  the  fcoria.  To  this 
irregular  aflay,  we  muft,  therefore,  fubftitute 
an  analyfis,  accurate  in  ail  the  means  which  art 

can 
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can  employ.  The  imperfeét  roafting  of  the  me- 
tallurgy muft  give  place  to  the  regular  diftilla- 
tion  with  the  retort,  or  the  aCtion  of  lire  en- 
closed in  veffels  in  fuch  a manner  as  to  collect 
the  folicl  ; the  liquid  or  aeriform  products,  dif- 
engaged  by  caloric,  to  afcertain  their  nature 
and  determine  their  quantity,  at  the  fame  time, 
that  a proper  eltimate  is  made  of  the  fufibility  of 
the  ore,  after  having  carefully  defer! bed  its  form, 
ftrudture,  colour,  fpecific  gravity,  and  all  its 
phyfical  properties. 

59.  The  moft  fevere  and  moft  ufeful  method 
of  analyfing  ores,  or  to  make  a complete  che- 
mical affay,  confifts,  more  elpecially,  in  treating 
them  by  acids  which  diffolve  the  metals  without 
touching  the  mineralizer,  particularly  fulphur. 
For  this  purpofe,  however,  we  mult  ufe  the  ful- 
phuric  or  muriatic  acids,  for  the  nitric,  parti- 
cularly when  too  ftrong,  forms  a fulphur,  and 
produces  error  refpeCting  its  quantity,  and  even 
frequently  changes  the  nature  of  the  ore.  The 
fulphur ic  or  muriatic  acids  muft  alfo  be  diluted 
in  almolt  every  cafe.  The  infoluble  matters 
being  well  walhed,  indicate  the  proportion,  as 
well  as  the  nature  of  the  mineralized  fubitance. 
The  metal  in  folution  is  precipitated  by  al- 
kalis, by  hydro-fulphurated  water,  and  often 
by  other  metals,  which  having  a ft  ronger 
attraction  for  oxigen,  difoxide  it,  and  feparate 
it  from  the  acids,  in  which  they  take  its  place. 
In  general,  it  is  eafy  to  obferve,  that  in  this 
kind  of  analyfis,  which  is  here  pointed  out  only 
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in  a general  way,  an  extenfive  and  entire  know- 
ledge of  the  aétion  of  all  bodies  on  the  feveral 
metals,  is  fuppofed  to  be  in  poffeffion  of  the 
operator.  For  all  bodies,  when  once  their  ac- 
tion is  well  known,  may  become  very  ufeful 
inftruments  in  the  analVfis  of  ores.  Numerous 
proofs  of  this  will  be  feen  in  the  hiftory  of  each 
particular  metal. 


Section  VL 

Concerning  Metallic  Works  on  a large  Seated 

or  Metallurgy . 

60.  WHEN  it  is  once  afeertained  by  the 
docimaftic  effedt,  that  an  ore  may  be  worked 
with  advantage,  the  metallurgift  proceeds  in  his 
operations,  fir  ft  extracting  the  ore  by  all  the 
mechanical  methods  the  art  polfelfes,  which 
conflit  in  digging  fliafts,  opening  adits,  employ- 
ing various  machines  to  raife  the  water,  renew 
the  air,  bring  up  the  ore,  favor  the  afeent  and 
defeent  of  the  miner,  prevent  the  earth  from 
giving  way,  &c. 

61.  Thefe  firit  proceffes  of  the  extraction  of 
the  ore,  enlightened  by  the  information  of  geo- 
metry, mechanics,  mineralogy,  geology,  fub- 
terranean  geometry,  founded  alfo  on  the  know- 
ledge of  conltruétions  of  frame-work  in  wood, 
requiring  the  united  exertions  of  various  talents, 
and  fupported  by  courage,  patience,  andfirmnels 

in 
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in  enterprize,  conftitute  a very  important  art 
which  requires  long  and  ferions  ftudy,  con- 
tinual obfervation,  experience,  and  practice, 
added  to  the  moil  profound  theoretic  medita- 
tions. A man  thus  qualified  is  an  engineer  of 
mines.  Though,  this  art  may  appear  foreign 
to  the  general  ftudy  of  chemiftry,  it  is  necelfary 
that  the  ftudent  ftiould  be  acquainted  with  its 
firft  notions  or  elementary  parts,  which  necef- 
farily  precede  the  knowledge  of  the  metallic 
treatment  of  ores.  The  following  are  the  bafes 
of  the  art  of  extracting  them  from  the  earth  : 

62.  In  general,  after  having  bored  the 
ground  which  contains  ores,  or  having  afcer- 
tained  their  exiftence  by  various  indications,  a 
ft]  u a re  perpendicular  well,  or  ft  1 aft  is  dug  in 
the  ground,  fufficiently  wide  to  place  lirait 
ladders  therein  ; over  which  machinery  is  fixed 
for  the  purpofe  of  raifing  and  lowering  veffels, 
and  in  which  it  is  fometimes  neceftary  to  fix 
pumps  to  draw  oft'  the  water  which  is  collected, 
If  the  ore  be  too  deep  for  a fingle  ftiaft  to  lead 
from  the  grafs  or  furface,  to  the  vein  at  the 
bottom  of  the  firft  ftiaft,  an  horizontal  gallery 
is  opened,  at  the  end  of  which  a fécond  ftiaft 
is  funk,  and  in  this  manner  the  workmen  pro- 
ceed until  they  arrive  at  the  bottom  of  the 
mine. 

63.  When  the  rock  to  lie  perforated  is  hard, 
folid,  and  capable  of  fupporting  itfelf,  the 
ftiaft  will  not  require  to  be  guarded  within, 
but  if  it  be  fcfc  and  friable,  if  it  threaten  to 
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fall  in  during  the  excavation,  it  becomes  ne- 
eeffary  to  fupport  the  lhaft  and  gallery  with 
pieces  of  wood- work,  covered  with  planks  all 
round,  in  order  to  lupport  the  earth  and  retain 
the  fragments,  which  from  time  to  time  would 
feparate  and  might  maim  the  workmen. 

64.  One  of  the  important  particulars  of  the 
art  of  exploring  mines,  is  the  renovation  of 
the  air.  When  it  is  practicable  to  open  a gal- 
lery which  fhall  lead  from  the  bottom  of  the 
fhaft  to  the  day  or  open  air,  a current  is  c'afily 
eftabliflied  by  this  fimple  artifice.  When  this 
is  not  poffible  a fccond  ihaft  is  funk  to  the 
extremity  of  the  gallery,  oppofite  to  that  where 
the  firft  was  funk.  When  one  of  thefe  drafts 
opens  at  a different  level  from  the  other,  the 
circulation  and  renewal  of  the  air  are  eafy.  If 
the  fécond  drafts  be  of  equal  height,  the  current 
will  not  take  place  fpontaneoudy,  but  muft  he 
determined  by  caufing  of  them  to  communicate 
with  a lighted  furnace. 

65.  The  danger  of  waters  which  overflow  the 
works,  and  retard  the  operations,  at  the  fame 

threaten  the  fafcty  of  the  work- 
men, are  no  left  neceffary  to  be  provided  againffi 
If  the  water  tranfudes  gradually  through  the 
earth,  it  may  be  let  off  into  the  plain  or  the 
neareft  river  by  means  of  an  horizontal  adit. 
If  it  be  collected  in  greater  quantity,  or  if  it 
be  not  poffible  to  open  fuch  an  adit,  the  va- 
is extracted  by  pumps,  which  are  moved  either 
by  x dream,  or  by  a pond,  or  by  vapour  of 

water 
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water  introduced,  and  condenfed  in  cylinders^ 
Thefe  laft  machines  called  fleam-engines,  are 
at  prefent  much  more  common  than  formerly. 
It  is  an  ohjedt  of  great  difficulty  fometimes  to 
defend  the  works  againfl  enormous  maifes  of 
water  which  ruth  forth  when  in  digging  a vafl 
fubterranean  refer  voir  is  opened.  Thefe  cafes 
happily  are  very  rare,  but  they  are  in  fome 
meafure  provided  againft  by  a kind  of  movable 
ft  rang  door,  or  barricado,  which  the  workmen 
place  at  the  moment  when  ^ they  find  by  the 
particular  found  of  the  rock,  that  the  waters 
are  coming  in  upon  them,  wdiich  barricado,  by 
fepa rating  them  from  the  liquid,  gives  them 
time  to  fave  themfelves. 

66 , The  definitive  elaftic  fluids,  which  fo 
frequently  are  difengaged  in  the  cavities  of 
mines,  and  particularly  the  carbonic  acid  gas, 
and  different  fpecies  of  mixed  hidrogen  gaffes, 
more  or  lefs  pernicious,  are  alfo  among  the 
moft  formidable  enemies  of  miners.  Galleries, 
fires,  ventilators,  inflammations  by  means  of 
torches  held  at  a great  diftance  in  thofe  parts 
of  the  mines  which  are  mephitized  by  the  in- 
flammable gaffes,  and  particularly  the  various 
methods  of  caufing  frefh  air  to  enter,  are  the 
only  remedies  which  can  be  oppofed  to  thefe 
fubterraneous  evils. 

/ ■'  ■> 

67 . When  the  ore  which  has  been  difcovered 
and  extrated  from  the  ground  by  pick-axes, 
crows,  gun-powder,'  &c.  is  carried  to  grafs, 
it  is  fubjected  to  all The  mechanical  'and  chemi- 
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o al  operations  rcquifite  to  feparate  the  inetah 
Thefe  operations  neceffarily  conflit  in  for  ting, 
flamping,  wa filing,  roafting,  fufmg  and  refin- 
ing. Though  each  of  thefe  fix  métallurgie 
operations,  differ  more  or  lefs  according  to 
the  nature  and  kind  of  the  ore,  they  are  never- 
thelefs  all  more  or  lefs  neceffary  to  each  other, 
and  they  have  in  every  fpecies  and  locality, 
and  under  every  variety  of  manipulation  always 
fome  common  circum  fiances  which  allow  them 
to  be  deferibed  in  a general  manner. 

bS.  Sorting  confifts  in  the  feparation  which 
is  made  after  the  ore  is  brought  to  grafs,  or  to 
the  furface  of  the  ground,  of  the  different 
pieces  of  ore,  which  frequently  require  differ- 
ent modes  of  treatment,  or  are  expeéled  to 
afford  different  produis  according  to  their 
riches  and  their  nature.  It  is  not  prablifed 
excepting  in  rich  and  valuable  ores,  fuch  as 
thole  of  gold,  frlver,  &c.  It  is  entmfted  to  a 
fkilful  workman,  or  men  well  experienced  in 
mine  works,  one  of  the  matter  miners. 

69.  When  the  ore  is  forted,  it  is  carried  to 
the  hamper.  This  is  an  infiniment  for  pound- 
ing, a kind  of  large  mortar  or  trough,  in 
which,  by  means  of  wells,  vertical  pieces  of 
wood  are  moved  up  and  down,  terminating 
below  in  an  iron  furface  rounded  like  the  end 
of  a'peftle.  The  alternate  rife  and  fall  of  thefe 
kind  of  peftles  moved  by  water,  air,  or  fire, 
break,  and  pound  the  ore,  together  with  its 
gangue, 

70,  From 
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70.  From  the  {tamping  mill,  the  pounded  ore 
is  conveyed  to  the  walhing,  which  is  performed 
by  many  different  operations,  either  by  hand 
in  wooden  veffels,  or  in  troughs,  which  erofs  a 
current  of  water,  or  on  the  bank  of  a brook, 
or  even  in  its  bed,  or  upon  inclined  tables  armed 
with  cloth,  intended  to  ftop  the  irregular  frag- 
ments of  the  ore  ; this  laft  machine  is  not  ufed, 
excepting  when  the  ore  is  rich  and  valuable  for 
the  abundance  of  its  metal.  In  all  thefe  pro- 
ceffes,  the  agitated  water  carries  with  it  the 
ftony  matter  which  is  lighter  than  the  ore, 
while  the  ore  itfelf  falls  to  the  bottom  of  the 
utenfil  in  which  the  wafhing  is  performed. 

71.  The  operation  of  roafting  renders  the 
ore  friable,  divides  it  and  reduces  into  finall 
pieces,  or  feparates  by  volatilization  the  greateft 
part  of  the  mineralizer,  which  conceals  the 
properties  of  the  metal.  It  is  performed  in  a 
variety  of  ways  or  different  proceffes,  accord- 
ing to  the  nature  of  the  ore,  the  force  or  ex- 
tent of  lire  intended  to  be  applied,  the  degree 
of  adhefion,  and  quantity  of  mineralizer,  whe- 
ther ftilphur  or  arfenic,  and  fometime  both  to- 
gether, which  are  intended  to  be  feparated. 
The  roafting  is  fometimes  performed  in  the  air, 
fometimes  in  furnaces,  or  among  the  charcoal  ; 
in  fome  inftances  there  are  particular  furnaces 
for  this  operation,  and  in  others  the  fame  fur- 
naces as  are  intended  for  fmelting,  are  alio  ufed 
for  roafting. 

72.  Smelting 
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72.  Smelting,  or  the  art  of  fufing  the  ores 
after  roafting,  is  the  principal  and  moft  im- 
portant of  métallurgie  operations,  all  the 
other  being  preliminary  or  preparative  to  this. 
The  whole  attention  of  the  miner  is  directed 
towards  this  procefs  ; to  this  all  his  efforts  are 
applied,  becaufe  it  affords  the  true  uferul  pro- 
duct to  which  his  hopes  are  directed.  Though 
it  confifls  in  general  in  fufing  the  roafted  ore  to 
extract  the  metal  ; though  in  this  point  of  view 
it  feems  to  prefen  t a limple  and  uniform  opera- 
tion, there  is,  nevertheless,  no  operation  which 
differs  fo  much  in  its  circurn fiances,  according 
to  the  nature  of  the  metal  and  the  ore  required 
to  be  treated,  and  according  to  the  furnaces 
made  life  of,  the  nature  and  quantity  of  the 
combuftible  employed,  the  energy,  duration, 
and  adminiftration  of  the  lire,  the  addition  of 
an  appropriate  flux,  the  heat  being  applied  hi 
the  mi  dit  of  the  coal,  or  in  crucibles,  the  pe- 
riod, the  length  of  time,  and  the  mode  of  catt- 
ing the  fufed  metal  ; every  thing,  even  the  form 
of  the  metal  which  flows  out,  varies,  and  pre- 
fen ts  to  the  obferver  very  remarkable  differ- 
ences.  On  this  fubjedt  we  thall  fpeak  more 
largely  under  the  hiftory  of  each  particular 
metal 

73.  When  the  ore  is  fmeltcd,  and  the  metal 
obtained,  the  whole  procefs  is  not  yet  finilhed. 
This  metal  is  fcarcely  ever  pure.  It  is  either 
altered  bv  certain  fubftances  foreign  to  its  me- 
tallic  nature,  or  it  contains  a portion  of  another 
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metal,  which  alters  the  properties  of  this  which 
is  defined  in  a pure  ftate  ; or  elfe  it  contains 
a portion  of  a metal  more  valuable  than  all  the 
reft  of  the  mafs,  which  it  is  neceftary  therefore 
to  extract  ; or,  laftly,  it  is  an  alloy,  in  large 
proportions  of  feveral  metals,  which  aie  re- 
quired to  be  feparated  from  each  other.  Thcfe 
various  objects  to  be  fulfilled,  of  which  the 
practice  muft  differ,  as  we  perceive  from  the 
fimple  enumeration,  belong  to  the  laft  operation 
of  treating  ores  in  the  large  way.  All  the  ope- 
rations fubfequent  to  the  fmelting,  are  compre- 
hended under  the  general  name  of  refining,  be- 
caufe  the  effieét  is  always  to  obtain  a pure  metal. 
Under  each  article  of  the  feveral  metals  we 
ftiall  fliow  what  are  the  practices  refpeetively 
for  refining  the  fame. 


Section  VlL 

Concerning  the  Oxidability , or  Combnjiibility 
of  the  Metals  by  the  Air. 

74.  ÀLL  that  has  hitherto  been  find  refpedt- 
ing  the  metals  in  general,  is  but  remotely  ap- 
plicable to  their  chemical  properties,  or  at  lealt 
it  requires  the  ftudy  of  thefe  laft  properties,  in 
order  to  receive  a more  accurate  development, 
and  to  prefent  the  moft  precife  refults  to  the 
underftanding.  It  is  therefore  eflential  to  fix 
our  attention  upon  thefe  laft  properties  in  order 
to  obtain  the  characters  of  metallic  fubftances. 

The 
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The  fix  lafl  paragraphs  of  this  hiftory  of  the 
metallic  genus  are  confecrated  to  the  examina» 
tion  of  thefe  properties.  We  pafs  fucceffively  in 
review  the  manner  in  which  they  are  altered  by 
the  air,  their  combination  with  combuftible 
bodies,  their  aCtion  upon  water  and  the  oxides 
in  general,  that  which  they  exercife  upon  the 
acids,  their  habitudes  with  falifiable  bafes,  and 
laftly,  with  the  faits.  Thefe  fix  divifions  will 
complete  all  that  can  be  known  refpedting  the 
chemical  comportions  of  the  metals  ; and  we 
lliall  fee  that  the  fame  order,  followed  with  fome 
modification  with  regard  to  the  fpecies,  will  ren- 
der their  hiftory  equally  accurate  and  complete. 

75.  When  we  feparate  the  oxidability  of  me» 
tals  by  the  air,  or  their  combuftibility,  properly 
fo  called,  from  all  their  other  chemical  proper- 
ties, we  announce  that  this  property  deferves  a 
moft  marked  attention.  It  is  in  fact  the  moft 
prominent  fundamental  character,  the  moft  im- 
portant attribute  of  the  metals;  it  is  at  the 
fame  time  the  key  for  explaining  all  the  pheno- 
mena they  prefent  in  their  combinations.  The 
oxidability  of  thefe  bodies  by  the  air,  varies 
not  only  with  regard  to  their  fpecies,  as  we 
fhall  fee  in  the  hiftory  of  them  refpebtively  ; 
but  they  alio  vary, 

A.  With  regard  to  the  temperature  at  which 
the  combuftion  is  effected, 

B.  Or  the  facility  with  which  it  takes  place. 

C.  Or  the  difference  which  the  temperature 
itfelf  undergoes  during  the  procefs, 
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/)  Or  by  the  proportion  of  oxigen  it  re- 
quires. 

E.  Or  the  phenomena  which  accompany  it. 

F.  Or  the  various  attrapions  of  the  oxiding 
principle  to  the  metals. 

G\  Or  the  ftate  of  the  oxigen  in  the  oxided 
metals. 

II.  Or,  laftly,  by  the  charaPer  which  the 
metallic  oxides  affume  in  proportion  as  they 
acquire  that  .ftate.  In  order  to  obtain  accurate 
notions  of  thefe  circumftances  we  muft  con- 
fider  each  of  them  by  itfelf. 

76.  The  oxidability  of  certain  metals  by 
means  of  the  air,  commences  at  the  loweft  tem- 
perature, but  in  other  metals  it  requires  the 
rnoft  extreme  heat.  Manganefe,  and  iron,  for 
example,  burn  at  all  temperatures  ; filver,  gold, 
and  platina,  on  the  contrary,  do  not  burn  unlefs 
extremely  heated.  All  the  other  metals  hold 
an  intermediate  place  between  thefe  two  extre- 
mities. On  this  account  it  is  that  the  oxida- 
tion of  metals,  being  formerly  confidered  as  a 
kind  of  deftruPion,  becaufe  in  this  procefs  they 
lofe  their  metallic  properties,  and  undergo  a 
great  diminution  with  regard  to  the  arts,  che- 
mifts  have  confidered  gold  and  filver  as  hide- 
ftruPible  metals,  and  iron,  on  the  contrary,  as 
the  moft  deftruPible  of  thele  fubftances.  But  it 
is  evident,  that  this  is  only  a fpccific  difference 
between  them,  that  it  truly  relates  to  the  time 
proportionally  required  for  their  oxidation.  For 
there  is  not  a Angle  metal  which,  when  expofed 
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for  a fufficient  time  to  the  air,  does  not  at  laft 
undergo  combuftion  by  the  mere  temperature 
of  the  atmofphere. 

77.  The  facility  of  oxidation  is  the  confe- 
quence  of  the  preceding  property.  Some  metals 
burn,  and  become  oxided  fo  eafdy,  that  it  is 
neceffary  to  defend  them  from  the  contaét  of 
the  air,  if  we  with  to  preferve  their  brilliancy 
and  their  folidity.  Such  are  iron,  tin,  lead, 
copper,  manganefe  which  cannot  be  well  de- 
fended from  change  by  the  air  but  by  co- 
vering them  .with  a varnifh  or  a metallic 
coating  of  fome  other  kind.  On  the  con- 
trary there  are  metals  which  undergo  fcarcely 
any  change,  even  in  their  polifh,  fuch  as  gold 
and  platina. 

78.  The  metals  differ  in  their  oxidability,  not 
only  with  regard  to  the  manner  in  which  they 
refpedtively  demand  an  elevation  of  tempera» 
ture,  but  there  is  with  regard  to  mod:  of  them, 
a diversity  even  in  the  mode  of  their  oxidation 
by  which  the  difference  of  temperature  they  are 
expofed  to  may  be  marked.  In  general,  they 
all  tend  to  become  oxided  more  eafdy  on  the 
one  part,  and  to  abforb  their  oxigen  on  the 
other,  the  higher  the  temperature  is  to  which 
they  are  expofed.  And  ftill  more  do  mo  ft  of  the 
metals  become  oxided  in  a determinate  manner, 
and  at  any  determinate  temperature,  whence 
we  may  appreciate  the  ftate  of  their  oxidation 
by  the  heat  which  has  been  communicated  to 
them. 
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The  elevation  of  temperature  in  the  metals 
almoffc  always  caufes  rapidity  of  oxidation,  and 
elevates  this  property  even  to  inflammation, 
or  the  evident  phenomenon  of  combuftion. 
Thus  it  is  that  when  fine  fdings  of  the  metals 
are  thrown  into  a hove  in  a ftrong  hate  of  ig- 
nition, or  through  brilliant  flames,  they  form, 
while  burning,  fparkles  of  a lively  and  fliining 
appearance,  depending  on  the  ftrong  heat  they 
undergo  ; and  from  the  fame  caufe  it  is  that 
iron  or  fteel,  ftrongly  ftruck  againfl  filiceous 
ltones,  burns  with  a lively  flame  in  the  air,  in 
confequence  of  the  great  heat  which  this  per- 
cuflion  communicates  to  them. 

79 • The  proportion  of  oxigen  which  unites 
to  the  metals  during  their  oxidation,  is  alio  one 
of  the  circumftances  which  caufe  the  variation 
of  this  phenomenon.  They  ail  differ  with  re- 
gard to  this  proportion,  and,  confequently,  de- 
mand a greater  or  lefs  contact  of  the  air,  in 
order  that  they  may  he  burned.  Each  metal 
likewife  varies  in  itfclf  as  to  the  quantity  of 
oxigen  it  abforbs  in  the  air,  according  to  the 
manner  in  which  the  combuftion  is  performed, 
and  the  temperature  to  which  it  is  raifed. 

80.  In  all  the  limits  of  the  condition  and 
circumftances  which  have  been  here  mentioned, 
the  phenomena  of  the  oxidation  of  the  metals 
are  different.  Sometimes  the  metal  ignites  and 
takes  fire  ; fometimes  it  is  oxided  without  fin 
fion,  or,  in  other  inftances,  the  metal  does  not 
oxide  until  after  it  has  been  fluid.  Sometimes  it 
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becomes  covered  with  a thin  brittle  cruft  or 
adherent  powder  ; in  other  inftances  a pellicle 
of  rainbow  colours  is  formed  at  its  furface 
to  which  the  oxide  does  not  adhere.  But  in 
every  cafe  the  metal  becomes  tarnifhed,  lofes 
its  brilliancy  and  its  colour,  and  allumes  an 
appearance  which  announces  the  oxidation  it 
has  undergone. 

.81.  Oxigen,  by  mixing  in  the  metals  in  pro- 
portion as  they  burn  by  expofure  to  the  air, 
either  contrats  an  adherence,  or  unites  with  an 
attraction  which  is  peculiar  to  each  of  them,  and 
of  which  the  degree  is  highly  important  to  be 
known  with  regard  to  a multitude  of  opera- 
tions and  chemical  refujts.  On  this  degree  de- 
pends the  difficulty  of  feparating  the  oxigen 
united  to  the  metals,  and  the  neceflity  of  fome- 
times  employing  bodies  which  attract  it  ftilf 
ft  ronger  in  order  to  caufe  its  reparation# 

82.  We  muft  alfo  obferve,  during  the  fixation 
of  atmofpheric  oxigen  in  metallic  fubftances,  the 
mode  alfo  of  this  fixation,  and  the  ftate  which  the 
principle  itfelf  acquires.  In  fome  of  the  metals 
it  is  abforbed  in  a very  folid  ftate  and  lofes  much 
caloric  ; in  others  it  is  precipitated  without  aban- 
doning the  fame  quantity  of  its  folvent;  fo  that 
if  the  fever  aj  metals  be  oxided  fingly  in  the 
centre  of  the  calorimeter,  the  quantity  of  fufed 
ice  may  ferve  to  determine  the  proportion  of 
caloric  difengaged  from  the  air  by  each  of 
them;  and,  confequently,  the  ftate  of  folidity 
which  the  oxigen  contracts.  This  proportion 
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anfwers  to  the  manner  in  which  their  de-corn- 
pofition  or  difoxi dation  may  be  effected,  thofe 
which  have  abforbed  oxigen  in  the  leaft  foiid 
ftate,  or  retaining  the  greateft  quantity  of  ca- 
loric, are  reduced  eafily  by  caloric  or  by  light  ; 
thofe  on  the  contrary,  in  which  the  oxigen  fixes 
itfelf  with  the  lofs  of  much  of  its  folvent,  are 
not  unburned  or  difoxided,  or  confequently 
reduced  into  the  metallic  ftate,  but  by  a great 
accumulation  of  caloric.  Moft  of  the  metals 
even  require  the  addition  of  fome  other  body 
which  has  a ftronger  attraélion  for  oxigen  than 
the  metal  itfelf  lias. 

83.  With  regard  to  the  char  afters  which  dif- 
tinguifli  the  metallic  oxides  made  by  the  con- 
tact of  the  air,  they  are  all  varied  in  the  differ- 
ent  fpecies,  as  we  ihall  hereafter  fee  ; but  they 
have  at  the  fame  time  certain  properties  com- 
mon to  all  of  them,  by  which  they  differ  from 
the  metals  ; and  it  is  to  thefe  properties  that  we 
muff  in  this  place  direct  our  attention.  All  the 
oxides  poffefs  the  pulverulent  form,  or  they  are 
brittle,  and  eafy  to  be  reduced  into  powder. 
They  p refen  t all  the  poffible  lhades  of  colour, 
from  white  and  grey  to* brown  and  deep  red; 
they  weigh  more  than  the  metals  from  which  they 
are  produced,  and  this  augmentation  amounts 
to  a few  hundredth  parts  in  fome  oxides, 
and  in  others  to  more  than  half  their  weight  ; 
they  refemble  earths,  and  for  this  reafon  they 
were  formerly  denominated  earths,  or  metallic 
calces.  Some  of  them  refume  their  metallic 
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fraie  by  the  mere  .contact  of  light,  or  caloric  ; 
others,  without  paffmg  entirely  to  that  ftate, 
approach  towards  it  ; others  require  the  addi- 
tion of  carbon  ignited  by  fire,  which  at t radis 
their  oxiding  principle;  and  there  are  fome 
which  feem  to  be  incapable  of  redudlion.  Some 
of  the  oxides  are  fufible  by  fire,  and  afford 
gafes  more  or  lefs  coloured,  tranfparent,  and 
ferve  even  as  fluxes  to  the  earths  ; others,  on  the 
contrary,  refill  the  mofl  violent  heat,  and  even 
injure  the  tranfparence  of  thofe  glaffes  into 
which  they  enter  as  component  parts.  Some  of 
the  oxides  are  volatile,  but  moft  of  them  are 
fixed.  Some  of  them  exhibit  an  acrid  and 
cauftic  tafte,  a folubility  differing  in  degree  in 
water,  and  even  an  acid  quality  ; others  have 
no  tafte  or  folubility.  Some  of  the  calces  unite 
with  alkalis  like  acids,  hut  the  greater  number 
are  foluble  in  acids,  and  faturate  them  after  the 
manner  of  the  earthy  and  alkaline  bafes.  Some 
of  them  burn  combuftible  bodies  with  fame, 
becaufe  they  contain  oxigen  in  a hate  flightly 
condenfed  ; moft  of  them,  on  the  contrary, 
burn  flowly,  and  without  any  appearance  of 
inflammation. 
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Section  VIII. 

Concerning  the  Combinations  of  the  Metals 
with  Combuftible  Bodies. 

84.  IN  the  fécond  fedfion  of  this  work,  men- 
tion has  already  been  made  of  the  union  of 
metallic  fubftances  with  combuftible  bodies. 
We  fli all  therefore  in  this  place  only  repeat  a 
few  of  the  general  circumftances  relative  to 
thefe  combinations,  in  order  to  render  the  hifr 
tory  of  the  metals  complete  ; and  we  fhall  infift 
upon  fome  which  have  not  yet  been  pointed 
out,  or  have  been  too  rapidly  ftated,  or  fuch 
as  were  ftated  only  for  the  purpofe  of  placing 
the  metals  among  the  feries  of  undecompofed 
combuftible  bodies,  and  comparing  them  to 
thofe  which  had  before  been  treated  of* 

85.  We  have  feen  that  the  union  of  azote, 
hidrogen,  diamond,  and  the  metals,  is  not  yet 
known.  It  is  not,  however,  improbable,  that 
thefe  combinations  exift  ; and  that  though  they 
have  not  yet  been  found  in  nature,  nor  produc- 
ed bv  art,  this  circumftance  arifes  from  the 

V ' v 

procédés  of  chemical  analyfes  and  fynthefes 
being  ftill  very  far  from  the  ftate  of  perfection 
neceffary  to  form  or  to  difcover  fuch  com-  - 
pounds.  We  know,  however,  that  hidrogen 
gas  is  capable  of  holding  feveral  metallic  fub- 
ftances in  folution,  particularly  arfenic,  zinc, 
and  iron.  It  has  been  difcovered  that  the  dia- 
mond combines  very  well  with  iron  by  fufion, 

and 
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and  converts  it  into  heel  ; an  effect  which  fhows 
a frill  ftronger  refemblance  of  this  combuftible 
with  pure  carbon. 

8b.  Though  we  are  yet  acquainted  with  only 
one  combination  of  carbon,  with  a metal,  we 
cannot  doubt  but  that  there  muft  exift  many 
others,  and  that  moft  metallic  fubftances  are 
capable  of  uniting  with  this  combuftible  fub- 
ftance.  Nature  probably  forms  thefe  combi- 
nations, and  the  Angular  properties  prefented 
by  iron  in  its  union  with  carbon,  prove  there 
are  many  difcoveries  ftill  to  be  made  upon  this 
objeéf,  which  is  of  fo  great  importance  to 
mineralogy,  geology,  and  all  the  arts  relating 
to  the  metals. 

87.  Though  we  are  unacquainted  with  any 
carbonated  metals,  or  metallic  carbonates  ex- 
cepting that  of  iron,  we  at  leaft  have  known 
for  a long  time,  that  the  metallic  oxides  uni- 
verfally  undergo  a more  or  lefs  evident  decom- 
position by  carbon.  This  body  feizes  the 
oxigen  of  their  oxides,  burns  either  with  flame, 
as  happens  with  the  red  oxide  of  mercury  at 
an  elevated  temperature,  or  flowly  without 
flame.  Carbonic  acid  is  difengaged  in  the 
form  of  gas  during  this  procefs  and  the  me- 
tal is  left  in  its  metallic  ftate.  We  can  even 
determine  by  this  decompofition,  the  proportion 
ot  oxigen  contained  in  the  oxides  refpeâively, 
from  the  quantity  of  this  acid  obtained,  and 
we  can  proportion  with  confiderable  accuracy 
the  matters  necelfary  for  the  complete  reduction 
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of  a mixture  of  carbon  and  metallic  oxide 
to  the  double  hate  of  metal  and  carbonic  acid 
without  refid ue.  The  fuccefs  of  this  laft  refult 
obtained  by  Lavoifier,  fuppofes  that  we  ihould 
be  well  acquainted  with  the  nature  of  the 
oxide,  and  the  quantity  of  the  oxigen  which  it 
contains  ; a portion  of  knowledge  which  is 
acquired  by  a previous  operation  in  which  we 
form  an  eftimate  of  the  quantity  of  carbonic 
acid  afforded  during  the  reduction. 

88  The  compounds  denominated  metallic 
phofphorets  were  formerly  unknown.  Pelle- 
tier obtained  them  with  great  facility  by  re- 
ducing the  vitreous  phofphoric  acid  mixed  with 
the  metals  and  charcoal,  and  [t  is  alio  obtained 
by  treating  the  metallic  phofphates,  with  char- 
coal and  a ftrong  heat.  I have  ellewhere  ob- 
ferved,  that  thefe  compounds  of  which  I fuf- 
pedt  the  exiftence  in  nature,  though  no  experi- 
ment has  yet  exhibited  them  to  chemifts  are 
but  very  flightly  combuftible  in  the  air  ; that 
they  are  of  a granulated  texture  with  a brilliant 
metallic  afpedt  ; that  they  are  brittle,  fufible, 
and  decompolible  by  ftrong  heat.  I muft  here 
add  that  molt  of  the  metallic  phofphorets  are 
decompofable  by  heat. 

89-  The  metallic  fulphurets  prefented  by 
nature  in  fuch  abundance,  and  under  fuch 
multiplied  forms  conftituting  the  mo  ft  com- 
mon ores,  prefent,  as  their  remarkable  proper- 
ties, whether  in  a natural  or  artificial  ftate,  de- 
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eompofition  by  a ftrong  heat  ; eafy  fufibility 
with  regard  to  the  fufible  metals,  and  a difficulty 
of  fufion  with  regard  to  thofe  metals  which  are 
more  fufible  alone  ; fulphatization  by  the  con» 
taét  of  the  air  ; analyfis  more  or  lefs  eafy  by 
acids,  which  diffolve  the  metal,  and  feparate 
the  fulphur,  and  folubility  with  the  formation  of 
fulphurated  and  hydro-fulphu rated  oxide  by 
the  alkalis.  We  muft  alfo  diftinguiffi  the  me» 
tals  which  unite  beft  with  fulphur  after  having 
been  oxided,  from  thofe  which  combine  with 
it  without  oxidation  ; their  combinations  with 
hidro-fulphuret,  and  their  different  attraction 
for  fulphur,  which  permits  chemifts  to  decom- 
pofe  fome  of  the  metallic  fulphurets  by  other 
metals  ; as  for  example  the  fulphuret  of  anti- 
mony by  iron,  &c. 

90.  The  metals  in  general  unite  very  -well 
with  each  other,  though  the  ret  are  feveral  re- 
markable exceptions  in  this  refpech  Thefe 
combinations  are  in  general  denominated  al- 
loys. Mercury  in  forming  its  alloys  foftens, 
and  even  diffolves  moft  of  the  metals  for  which 
reafon  thefe  alloys  have  received  the  particu- 
lar name  of  amalgams.  Five  or  fix  metals 
may  even  be  united  together,  fo  as  to  form 
complicated  alloys  of  which  the  arts  in  fome 
in  fiances  make  a great  ufe,  and  which  may  be 
feparated  and  examined  by  the  docimaftic  art 
A number  of  thefe  metallic  compounds  are 
employed  in  the  common  purpofes  of  life. 
When  metals  are  united  together  by  fufion 

they 
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they  never  preferve  the  fame  clenfity  and  tex* 
ture  as  before,  nor  the  intermediate  fpecific 
gravity  which  their  proportions  would  afford 
by  calculation.  The  alloys  are  always  either 
more  denfe,  or  more  rare  than  the  fum  of  their 
primitive  denfity  would  {how.  And  they  all 
poffefs  new  properties  as  to  their  fufibility, 
their  capacity  for  caloric,  their  combuftibility, 
&c. 


Section  IX. 


Concerning  the  mutual  Action  of  the  Metals , 
of  IVater , and  of  the  Oxides. 

91.  THE  difeovery  of  the  decompofition  of 
water  has  not  yet  been  confidered  of  as  great 
importance  as  it  really  is.  It  has  not  been  fo 
highly  elteemed  as  it  deferves  among  the  great 
difeoverers  at  the  end  of  the  century  juif 
expired,  with  regard  to  the  immenfe  advantages 
it  has  afforded  to  the  theory  of  the  knowledge 
of  nature.  The  hiftory  of  the  metals  has  ac- 
quired a multitude  of  explanations  of  pheno- 
mena which  were  not  before  comprehended, 
and  would  never  have  been  underltood,  but  by 
means  of  this  important  difeovery,  one  of  the 
molt  beautiful,  and  moft  furprizing,  for  which 

we  are  indebted  to  modern  chemiftrv. 
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99.  There  are  neverthelefs,  very  few  metals 
which  poffefs  the  property  of  decompofing  wa- 
ter alone,  becaufe  hidrogen  in  the  ftate  of  gas 
decompofes  molt  of  the  metallic  oxides,  fome 
without  heat,  and  moft  of  them  by  the  aflif- 
tance  of  caloric,  which  proves  that  this  prin- 
ciple has  a ftronger  attraction  for  oxigen  than 
the  metals  in  general  have.  To  this  faét  we 
mu  ft  add,  that  it  decompofes  the  oxides  of 
fu ch  metals  as  are  even  themfelves  capable  of 
decompofing  water,  when  they  are  in  a hate  of 
oxidation,  more  advanced  than  that  hate  in 
which  oxio-en  feized  from  its  union  with  hi- 

CD 

dro  gen  could  carry  them. 

93.  We  niuft  diftinguifh  with  refpect  to  the 
action  of  metals  on  water,  four  chiites  of  tliefe 
bodies.  Some  decompofe  it  without  heat, 
and  require  no  affiftance  for  this  purpofc;  a 
iliort  time  only  is  neceffary  for  this  decompofi- 
tion.  Thus  it  is,  that  iron  placed  in  contact 
with  cold  water,  requires  lèverai  days  to  feparate 
the  hidrogen,  and  abforb  the  oxigen  as  we 
fee  in  the  preparation  of  the  black  oxide  or 
martial  ethiops  of  Lemery,  made  according  to 
the  firft  procefs.  Zinc  alfo  belongs  to  this  clafs, 
as  well  as  manganefe. 

94.  The  fécond  clafs  includes  thofe  metals 
which  not  being  capable  of  immediately  decom- 
pofing water  in  the  cold,  become  capable  of 
effecting  a change  by  a ftrong  heat  at  the  tem- 
perature of  ignition.  It  is  probable,  that  there 
are  many  more  metals  in  this  condition  than 
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lias  been  imagined.  Antimony  and  tin,  in  par- 
ticular are  of  this  order.  We  may  eafily  imagine, 
that  the  metals  of  the  firft  clafs  acquire  by  an 
elevated  temperature,  the  property  of  decom- 
pofing  water  much  more  ftrongly  and  abund- 
antly than  they  decompofe  it  in  the  cold. 

95.  To  the  third  clafs,  I refer  thofe  metals, 
which  being  incapable  of  decom poling  water, 
either  at  a common  or  an  elevated  temperature, 
while  they  aCt  alone  upon  this  oxide  of  hidra- 
gen,  acquire  this  property  by  a predifpofing  ac- 
tion, which  the  acids,  and  in  feme  inftanCes,  the 
alkalis  exhibit  by  their  tendency  to  unite  with 
the  metallic  oxides.  This  property  is  found  in 
copper,  lead,  bifmuth,  See.  The  metals  of  the 
two  former  claffes,  when  treated  like  thofe  of 
this  third  clafs,  act  with  ftill  more  energy  in  the 
clecompofition  of  water. 

96 . In  the  fourth  clafs,  I arrange  thofe  me- 
tals which  have  not,  either  by  fimple  attraction 
or  by  predifpofing  attraction,  or  any  union 
whatever  of  attractive  forces,  the  property  of 
decompofing  water;  and  which,  confequently 
never  afford  hidrogen  gas  in  any  circumftances 
whatever  of  chemical  combination.  Mercury, 
filver,  gold,  and  platina  are  the  only  metals  of 
this  clafs,  and  it  is  eafy  to  obferve,  that  this 
property  agrees  with  the  other  circumftances  ; 
which  are  flight  attraction  for  oxigen,  and  the 
facility  with  which  this  principle  is  feparablc 
from  them. 


97.  This 
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97.  This  adtion  of  the  metals  upon  water 
bein  g once  accurately  determined,  it  becomes 
no  longer  difficult  to  account  for  the  pheno- 
mena  they  prefent  with  the  acids, — the  ftrong 
effervefcence,  and  the  abundant  difengagement 
of  hidrogen  gas  which  accompanies  their  folu- 
tions,  the  reduction  of  mod:  of  their  oxides  by 
hidrogen  gas  ; and  many  other  circumdances 
which  were  unintelligible,  and  incapable  of  ex- 
planation in  all  the  periods  of  chemiftry,  that 
preceded  the  difcoveries  of  the  nature  of  water. 

98.  With  regard  to  the  oxides  it  does  not 
appear,  that  there  are  any  others  of  which  the  ac- 
tion on  the  metals  in  general  requires  to  be 
determined,  different  from  the  actions  of  the 
metals  themfelves,  fmce  nothing  has  yet  been 
feen  or  determined  relative  to  the  effedt  of  the 
oxides  of  azote,  of  phofphorus,  and  of  fill- 
phur  upon  metallic  fub dances.  There  are  three 
general  circum dances  to  be  attended  to  between 
the  metals  and  their  oxides.  The  firft  relates 
to  the  re-adtion  of  thefe  bodies  on  their  proper 
oxides,  in  certain  cafes.  Though  it  has  been 
affirmed,  that  an  oxide  never  unites  with  its 
own  proper  metal,  and  this  obfervation  is  in 
general  true,  it  is  very  remarkable,  that  if  the 
metal  be  heated  with  its  oxide  in  the  utmoft 
date  of  oxidation,  it  frequently  happens,  in- 
deed, mod  frequently,  that  the  metal  affames 
from  its  oxide,  that  portion  of  oxigen  which 
adheres  the  lead,  or  which  was  lad  added,  and 
by  that  means  partly  dif-oxidcs  it,  and  forms 

Vo  l.  V,  F with 


66  HABITUDES  OF  THE  METALS 

with  it  a kind  of  equilibrium  of  oxidation. 
Thus  it  is,  that  the  red  oxide  of  iron,  heated 
with  filings  of  the  fame  metal,  caufes  both  the 
filings  and  itfelf  to  pafs  to  the  ftate  of  black 
oxide.  The  fécond  circumftance  depends  upon 
the  ftronger  attraction  of  the  metal  for  oxigen, 
than  that  which  the  oxide  exerts  upon  the 
fame  principle.  In  this  cafe,  the  latter  is  dif- 
oxided,  the  metal  itfelf  becomes  oxided,  and 
fometimes  even  with  flame,  or  more  or  lefs  of 
light.  Laftly,  in  the  third  circumftance,  the 
metal  added  to  an  oxide,  having  lefs  attraction 
for  oxigen  than  the  oxided  metal  has  no 
change  whatever  is  found  to  take  place  between 
the  two  bodies. 


Section  X. 

Concerning  the  General  Action  of  the  Acids 
upon  the  Metals , and  the  Metals 
upon  the  Acids. 

99 . SINCE  chemifts  have  treated  of  metals 
more  particularly  with  the  acids,  becaufe  thefe 
agents  have  always  appeared  to  them  to  be 
moft  capable  of  producing  changes  and  charac- 
teriftic  alterations  in  them  : fin  ce  the  combina- 
tions, they  are  capable  of  forming  with  thefe 
bodies,  have  been  the  objeft  of  numerous  re- 
fearchcs  ; and  this  part  of  metallic  chemiftry  is 
moft  abundant  with  faffs,  as  will  more  particularly 

appear 


appear  in  the  hiftory  of  the  metals  individually 
taken.  On  the  prelent  occafion,  we  lhall  fpeak 
only  of  the  general  ftate  of  mutual  phenomena 
exhibited  by  thefe  bodies;  and  confequently, 
we  lhall  not  here  examine  this  aCtion  as  far  as  it 
refpedts  each  particular  acid. 

100.  In  the  fir  ft  place,  we  muft  in  general  ob- 
ferve,  that  no  union  takes  place  between  the 
metals  and  the  acids,  unlefs  thefe  bodies  be 
more  or  lefs  oxided.  Accordingly,  the  metallic 
oxides  which  are  foluble  in  acids,  diffolve 
gently,  and  without  effervefcence  ; though  the 
metals  themfelves  are  not  foluble  without  com» 
motion  and  effervefcence.  This  laft  effect  arifes 
from  the  attraction  of  the  metals  for  oxigen, 


being  fuddenly  increafed  by  the  contact  of  the 
acids,  and  eaufes  a difengagement  of  foane  other 
principle  which  takes  the  form  of  gas.  This 
principle  is  afforded  either  by  the  acids  them- 
felves, or  by  the  water.  In  the  fir  ft  cafe  it  may 
differ,  according  to  the  nature  and  ftate  of  the 
acid  : in  the  fécond,  it  is  alwavs  hidrogen  gas, 
difengaged  with  more  or  lefs  of  alteration. 
Sometimes  the  two  bodies,  that  is  to  fay,  the 
acid  and  the  water,  are  at  the  fame  time  decom- 
pofed  by  the  metal,  and  then  there  is  a difen- 
gagement  either  of  two  gafes  mixed  together, 
or  otherwife  the  two  principles  of  thefe  gafes 
unite,  and  afford  a new  compound. 

101.  The  metallic  oxides  cannot  unite  or  re- 
main united  with  the  acids,  unlefs  they  feverally 
contain  certain  determinate  quantities  of  oxi- 
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gen.  Short  of  thofe  proportions,  no  union  of 
thefe  preparations  takes  place,  and  beyond  them, 
they  fall  down  in  the  form  of  precipitate.  Each 
oxide,  in  particular,  cannot  even  remain  com- 
bined with  an  acid,  excepting  under  limits  of 
oxidation,  which  are,  frequently,  very  precife. 
For  this  reafon  it  is,  that  when  metallic  folu- 
tions  are  expofed  to  the  air,  or  placed  in  conta6t 
with  bodies  capable  of  affording  oxigen,  they 
become  turbid  and  precipitate  in  proportion  as 
they  abforb  a greater  quantity  of  that  principle 
than  they  contained  before.  It  frequently  hap- 
pens, even  alone  and  in  well-clofed  veffels,  that 
the  oxides  thus  fufpended,  re-a6t  upon  their 
acids  by  elevation  of  temperature,  and  the  folu- 
tion  becomes  turbid,  and  is  decompofed  by  this 
fpontaneous  fuper-oxidation. 

102.  Thofe  metals  which  have  the  ftrongeft 
tendency  to  become  oxided  by  the  action  of  the 
acids,  cannot  remain  united  with  them,  nor 
form  permanent  folutions.  This  phenomenon 
is  particularly  obfervable  in  the  acidifiable 
metals,  or  in  thofe  of  which  the  oxides  are  ca- 
pable of  uniting  with  the  alkalis,  and  thofe 
metals  alfo,  which  are  more  oxidable  than  folu- 
ble  in  acids,  feparate  in  the  form  of  oxides  at 
the  bottom,  their  pretended  folutions,  and 
remain  in  a very  fmall  quantity,  and  for  a very 
fliort  time  dilfolved  in  the  acids. 

103.  Metallic  faits,  cannot,  therefore,  exift 
but  in  the  cafe  where  the  oxides  are  capable  of 
remaining  united  with  the  acids,  and  have  no 

ten- 


I 


WITH  THE  ACIDS.  6Q 

tendency  to  feparate.  They  are  not  permanent 
excepting  under  thofe  circumftarices,  wherein, 
their  attraction  for  oxigen  is  not  increafed,  or 
when  that  principle  is  not  prefented  to  them. 
The  metallic  faits  have  always  an  excefs  of  acid, 
and  are  befides  for  the  molt  part  acrid,  corrofive, 
and  poifonous.  In  order  to  underhand  their 
properties,  it  is  ncceflary,  that  we  fhould  exa- 
mine, a.  Their  form.  b.  Their  tafte.  c.  Their 
alteration  by  light,  d,  Fufion,  drying,  vola- 
tilization, or  decompofition  by  caloric,  e.  De- 
liquefcence,  efflorefcence,  or  degree  of  decom- 
pofition by  the  air.  f.  Solubility  in  water,  hot 
or  cold,  or  their  alteration  which  is  frequently 
very  notable  by  this  liquid,  g.  Decompofition 
by  the  alkalis  and  earths,  the  nature  and  pro- 
portions of  the  oxides  which  thefe  bafes  preci- 
pitate, the  formation  of  triple  faits  which  fo 
frequently  takes  place  in  this  decompofition. 

h . The  alteration  of  the  fame  oxides  at  the 
jnoment  of  their  precipitation,  either  by  the 
precipitant  itfelf,  or  by  the  air  or  by  water, 

i.  Alteration  by  the  various  acids,  their  de- 
compofition, or  indecompofition,  the  effeCts  of 
the  attraction  of  the  acids  for  the  metallic 
oxides,  and  the  changes  thefe  lait  undergo, 
/t.  ACtion  of  the  earthy  and  alkaline  faits, 
whether  it  confift  in  a limple  union,  in  a triple 
fait,  or  prefent  a fingle,  double,  neceflary,  or 
fuperfluous  decompofition.  L Mutual  aCtion 
of  the  metallic  faits  on  each  other,  which  is 
Confined  to  the  union  of  a fur-compound,  the 

double 
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double  changes  of  the  bafes,  and  of  the  acids, 
or  the  déplacement  of  oxigen,  which  precipi- 
tates with  the  oxides  at  once.  m,  Laftly,  the  al- 
terations which  combuftible  bodies,  whether  with 
or  without  heat,  frequently  produce,  n.  Dif~ 
oxidation  by  heated  carbon,  thole  operated  by 
the  phofphorus,  and  the  metals  without  heat  ; 
the  precipitations  by  the  fulphurets  and  hidror 
fulphurets.  After  this  examination,  the  hiftory 
of  a metallic  fait  is  as  complete  as  it  can  be. 

104.  The  various  metallic  oxides  not  only 
poffefs  different  degrees  of  attraction  for  the 
acids,  and  confequently,  mult  on  that  account 
influence  the  combinations  they  are  fufceptible 
of  forming  with  thofe  bodies  ; but  the  metals 
themfelves,  by  the  force  of  their  attractions 
for  oxigen,  alfo  produce  very  remarkable  effects. 
Accordingly  feveralmetals  are  capable  of  depriv- 
ing others  of  oxigen  when  they  are  plunged  in 
a foliation  of  thefe  laft  in  acids;  caufing  them  to 
re-appear  under  their  metallic  form,  as  is  the 
cafe  with  mercury,  which  reduces  filver,  cop- 
per mercury,  and  iron  copper.  Sometimes, 
the  metals  deprive  the  oxides  of  only  a portion 
of  their  oxigen,  fo  that  they  are  not  precipitated 
in  the  metallic  hate,  but  merely  in  a hate  of 
lefs  oxidation  ; thus  it  is,  that  tin  precipitates 
gold  in  the  form  of  a purple  oxide,  and  not  in 
its  brilliant  metallic  hate.  This  phenomenon 
is  of  the  greateh  importance  in  a number  of 
technical  operations. 


105.  After 
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105.  After  having  Hi  own  the  moft  general 
fadts  relative  to  the  mutual  adtion  of  acids  and 
the  metals  ; we  muft  now  obferve  the  mariner 
in  which  each  acid  exerts  itfelf  with  regard  to 
tliefe  combuftible  bodies,  by  confidering  in  this 
place,  the  acids  under  the  double  relation  of 
their  peculiar  natures,  their  compofition,  whe- 
ther known  or  unknown,  and  their  energy  or 
general  attraction  for  all  the  bafes  with  which 
they  are  capable  of  uniting  ; that  is  to  fay, 
by  difpofmg  them  in  the  following  order,  the 
acids,  fulphuric,  fulphureous,  nitric,  nitrous, 
phofphoric,  phofphoreous,  carbonic,  muriatic, 
oxigenated  muriatic,  fluoric,  and  boracic.  We 
do  not  here  fpeak  of  the  metallic  acids,  becaufe 
they  are  not  yet  fufficiently  known,  and  their 
hiftory  at  large  will  follow  fpeedily  after  this 
article. 

1 06.  The  concentrated  fulphuric  acid  is  not 
decompofable  by  the  greater  number  of  metals, 
unlefs  the  temperature  be  elevated.  When  this 
is  the  cafe,  fulphureous  acid  gas  is  difengaged, 
and  oxides  or  metallic  fulphates  are  formed 
according  to  the  refpedtive  quantities  of  the 
acid  and  metals.  If  the  fulphuric  acid  be 
diluted  with  water,  -it  favours  the  decompofi- 
tion  of  this  laft  fluid  by  the  metals  ; hidro- 
gen  is  abundantly  difengaged  ; the  metals  in 
proportion  as  they  become  oxided  unite  with 
the  acid,  and  form  fulphates  in  greater  abun- 
dance than  under  the  preceding  circumftances. 
The  fulphureous  acid  adis  in  a different  mam 

per 
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ner  upon  different  metals.  It  diffolves  fome 
by  producing  a decompofition  of  water  and  dif- 
engaging  hidrogen  gas  ; frequently  it  is  itfelf 
decompofed,  yielding  its  oxigen  to  the  metals, 
fufferingits  fulphur  to  precipitate,  which  unites 
to  the  fulphites,  and  caufes  them  to  pafs  to  the 
hate  of  fulphurated  metallic  fulphites.  Upon 
fome  of  the  metals  it  has  no  adlion.  As  thofe 
metals  which  it  diffolves  by  its  own  decom- 
pofition do  not  effervefce  during  their  folution, 
it  may  be  ufed  with  advantage  in  the  analyfis 
of  alloys,  carbonated  metals,  &c. 

107.  Concentrated  nitric  acid  is  frequently 
without  any  action  whatever  upon  the  metals 
becaufe  its  denfity  is  too  great.  When  it  is 
diluted  with  a fmall  quantity  of  water  the 
action  commences  ; nitrous  gas  is  dife'n gaged  ; 
and  fometimes  the  decompofition  is  fo  ftrong 
and  aétive,  that  azote  gas  is  feparated.  There 
are  cafes,  in  which  the  water  being  decompofed  at 
the  fame  time  on  account  of  the  large  quantity 
of  oxigen  abforbed  by  the  metal,  affords  ammo- 
nia by  the  union  of  its  hidrogen  with  the 
azote  of  the  acid,  which  is  perceptible  to  the 
fenfes,  particularly  when  lime  is  added.  In 
this  cafe  the  metal  remains  at  the  bottom  of 
the  veffel  in  the  form  of  oxide.  When  nitrous 
gas  only  is  {lowly  difengaged  the  oxided  metal 
remains  in  folution,  and  a metallic  nitrate  is 
formed,  which  cryftallizes  by  cooling  or  by 
evaporation.  Of  all  the  acids,  this  burns  the 
metals  the  moil  fpeedily  and  completely,  fome- 
nt i mes 
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times  even  with  flame,  and  in  thefe  instances 
the  nitrates  of  leaf!  permanency  are  formed.  Fre- 
quently alfo  it  ads  upon  oxides  flightly  oxided, 
gives  them  a new  portion  of  oxigen,  and 
caufes  them  to  pafs  to  the  ftate  of  acidity 
when  they  are  fufceptible  of  it.  The  nitrous 
acid  does  not  perceptibly  differ  from  the  ni- 
tric in  its  action  upon  the  metals. 

108.  The  phofphoric  and  phofphoreous  acids, 
ad  but  weakly  upon  the  metals  on  account  of 
the  ftrong  adherence  of  their  principles,  and 
their  denfity.  Neverthelefs,  when  they  are 
very  ftrongly  heated  phofphorated  hidrogen 
gas  is  difengaged  towards  the  end.  There 
are  fome  among  the  moft  oxidable  metals  upon 
which  the  phofphoric  acid  ads  the  moft  effec- 
tually, and  renders  them  capable  of  decom- 
pofing  water  more  fpeedily  than  they  could 
have  done  alone.  In  both  cafes  phofphates  are 
formed,  and  fometimes  phofphites,  which  laft 
faits  are  yet  very  little  known.  The  metallic 
phofphates  are  ufually  weighty;  fparingly  fo« 
luble,  or  foluble  merely  in  their  proper  acid, 
poffefs  little  or  no  tafte,  and  are  decompofable  by 
many  acids,  as  well  as  by  ignited  charcoal  which 
changes  them  into  metallic  phofphorets.  When 
the  vitreous  phofphoric  acid  is  ftrongly  heated 
with  the  metals,  thefe  fubftances  by  feizing  a 
portion  of  its  oxigen,  form,  at  the  fame  time, 
two  combinations  namely,  metallic  phofphates 
and  phofphorets. 


109.  Carbonic 
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109.  Carbonic  acid,  has  a ftill  more  feeble 
afàion  on  metallic  fubftances,  than  all  the  fore- 
going acids.  It  does  not  very  perceptibly  adt, 
but  upon  zinc  and  iron,  by  keeping  them  dif- 
folved  in  water.  The  water  is  (lightly  decom- 
pofed,  a fmall  quantity  of  hidrogen  gas  is  formed, 
more  diftinguifhable  by  its  fmeli  than  by  its 
difengagement,  which  never  proceeds  fo  far  as  to 
effervefce.  The  metallic  carbonates  are  foluble 
in  an  excels  of  carbonic  acid,  and  feparate  from 
the  water  when  the  acid  is  diffipated.  Some  of 
thefe  are  very  abundantly  found  in  nature.  The 
carbonic  acid,  united  with  the  earths,  and  in 
the  ftate  of  carbonate,  is  fometimes  capable  of 
being  decompofed  by  the  metals,  with  the 
affiftance  of  a red  heat.  Thus  it  is,  that  by 
heating  the  carbonate  of  lime  with  iron,  and 
in  fact,  by  adding  the  attraction  of  filex  or  fand 
for  the  lime,  and  of  oxide  of  iron,  with  which 
this  fufible  earth  tends  to  become  vitrified, 
Citizen  Clouet  obtained]  fteel,  formed  by  the 
union  of  iron,  with  the  carbon  feparated  from 
the  carbonic  acid.  A fimilar  effect,  will,  no 
doubt,  be  hereafter  obferved,  with  regard  to 
lèverai  other  metals. 

1 10.  The  muriatic  acid  does  not  diffolve  the 
metals,  unlefs  they  be  capable  of  decompofing 
water,  by  the  affiftance  of  its  difpofing  attrac- 
tion ; in  that  cafe,  hidrogen  gas  is  di  fen  gaged, 
and  it  is  obfervable,  that  the  gas  is  fingularly 
and  permanently  fetid.  The  metals  which 
never  decompofe  water,  are  not  attacked  by  this 
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acid  ; but  their  oxides  eafily  unite  with  it,  pai> 
ticularly,  becaufe  when  too  much  oxided  to 
diflolve  in  the  other  acids,  they,  at  firft,  yield  to 
this  acid,  the  excefs  of  their  oxigen.  On  this 
account  it  is,  that  the  muriatic  acid  diflolves 
all  the  oxides,  detaches  them  from  the  furface 
of  velTels,  and  fo  frequently  takes  them  from 
the  other  acids,  particularly  the  nitric.  The 
metallic  muriates  are  either  fixed  or  fufible,  or 
volatile,  and  acidifiabîe. 

111.  Oxigenated  muriatic  acid  oxides  the 
metals,  without  producing  commotion  or  effier- 
vefcence,  becaufe  the  oxigen  here  aéls  only 
upon  the  combuftible  bodies.  It  eafily  a6ts 
upon  thofe  metals  which  the  ordinary  muriatic 
acid  does  not  alter,  particularly  gold  and  pla- 
tina,  and  in  this  manner,  it  forms  fimple  muri- 
ates. When  it  is  added  to  the  metallic  faits, 
it  almoft  conftantly  decompofes  them,  and  pre- 
cipitates the  oxides  fupcr-oxigenated.  When 
itlelf  united  with  the  oxides,  it  forms  oxigenated 
muriates  very  different  from  the  fimple  muriates, 
which  have  yet  been  little  examined,  though, 
we  are  already  acquainted  with  feme  very  re- 
markable compounds  of  this  nature,  as  we  fhall 
obferve  in  the  following  articles. 

feThe  oxigenated  muriatic  acid  gas  inflames 
and  immediately  burns  moft  of  the  brittle  metals 
thrown  into  it  in  powder.  It  acidifies  thofe 
which  are  capable  of  that  procefs. 

1 1 52.  The  fluoric  acid  adls  upon  the  metals 
nearly  in  the  fame  manner  as  the  muriatic,  ex- 
cept 
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cept  that  it  does  not  take  the  oxigen  from  their 
oxides  like  the  latter. 

The  acid  of  borax  has  very  little  aft  ion  upon 
thefe  bodies,  and  cannot  be  united  with  their 
oxides,  except  by  double  attraction,  or  by  de» 
compofing  other  metallic  folutions  by  folutions 
of  the  alkaline  borates. 


Section  IL 

Concerning  the  Mutual  AEtion  of  the  Metals 
and  the  Sali  fab  le  Bafes. 

113.  THERE  is  no  more  real  union  between 
the  earthy  or  alkaline  bafes  and  the  metals, 
than  exifts  on  the  part  of  the  acids,  but  thefe 
bodies  exercife  an  action  with  regard  to  the 
metals,  which,  though  not  fo  powerful  as  that 
of  the  acids,  yet  it  poffeffes  a peculiar  degree  of 
energy,  and  is  of  fome  importance  to  be  com 
fidered.  Thus,  metals  which  are  acidi fiable, 
and  thofe  of  which  the  oxides  tend  to  combine 
with  the  earths  and  the  alkalis,  are  eafily  and 
fpeedily  oxidecl  when  put  into  contact  with 
thefe  bafes,  together  with  a certain  quantity 
of  water.  In  that  cafe,  the  water  yields  its 
oxigen  to  the  metals,  burns  them,  and  they  unite 
with  the  bafes,  which,  in  that  cafe,  aft  by  dif* 
poling  attraftion. 

114.  Hence,  it  arifcs,  that  hidrogen  gas  is 
fo  frequently  difengaged  when  the  metals  are 
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treated  with  alkaline  folutions,  particularly 
ammonia.  We  afterwards,  obferve  the  metals 
pafs  to  the  hate  of  oxides,  and  frequently  unite 
with  thè  alkalis  in  fuch  a manner  as  to  form 
fpecies  of  faits  ; in  which,  they  perform  the 
part  of  acids. 

115.  It  is  frequently  obferved,  that  alkaline 
folutions  diffolve  the  metallic  oxides,  and  form 
with  them  compounds  more  or  lefs  permanent  ; 
fometimes,  thefe  alkalis  have  the  property  of 
difoxiding  in  part  the  oxides  before  di Solved 
or  united  with  them.  This  is  the  reafon  why, 
when  added  to  the  metallic  folutions,  they 
change  the  colour  of  the  precipitates,  which, 
they  afterwards  re-diffolye,  and  may  be  fe pa- 
rated  by  a new  addition  of  acid. 

] 16.  Ammonia  has  much  greater  power  to 
decompofe  the  oxides,  while  itfelf  is  dccom- 
pofed  ; and  I have  elfewhere  obferved,  that  this 
is  one  of  the  methods  Citizen  Berthollet  ufed  to 
analyze  ammonia,  by  feparating  its  hidrogen 
by  the  oxigen  of  the  oxides,  and  fetting  its 
azote  at  liberty.  Sometimes,  as  I have  difco- 
vered,  the  great  quantity  of  oxigen  contained  in 
certain  oxides,  and  the  facility  it  has  of  fepa- 
rating and  uniting  in  part  with  the  oxide  of 
ammonia  forms  nitric  acid,  while  the  other  por- 
tion of  oxigen  combined  with  the  ammonia- 
cal hidrogen  forms  water.  This  very  remarkable 
cafe  operated  by  the  mod  decompofable  oxides, 
is  abfolutely  the  inverfe  of  that  in  which  a very 
oxidable  metal,  by  decompofing  at  the  fame 
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time  the  nitric  acid  and  water,  by  abforbing 
all  their  oxigen,  unites  the  combuftible  radicals, 
acid,  and  hidrogen  in  fuch  a manner,  that  the 
product  forms  ammonia.  - 

117.  This  property  of  reducing  the  oxides, 
fo  eminently  perceptible  in  ammonia,  and  fen- 
fible  alfo  in  pot-afh  and  foda,  may  ferve  here- 
after to  ihow  the  conftituent  principles  of  fixed 
alkalis,  as  it  has  ferved  to  develop  thofe  of  the 
volatile  alkali.  But  the  experiments  which 
have  hitherto  been  attempted  in  this  refearch, 
and  the  refaits  they  have  afforded,  have  not  yet 
fatisfied  chemifts,  becaufe  they  have  not  been 
made  with  the  accuracy  they  deferve  to  poffefs. 
Philofophers  have  been  too  ready  in  drawing 
inductions  concerning  the  compofition  of  the 
fixed  alkalis. 

1 18.  The  difoxiding  property  is  found  in  the 
very  fapid  alkaline  earths,  barites,  ftrontian, 
and  lime  ; when  thefe  earths  are  ufed  to  de- 
compofe  the  acid  metallic  faits,  precipitates 
of  metallic  oxide  are  obtained,  and  allume  a 
colour,  which  fhows  the  commencing  difoxida- 
tion  and  approach  towards  the  metallic  ftate. 
To  this  action  is  owing  the  preparation  of  the 
calcareous  oxide  of  copper,  known  by  the  name 
of  verdi  ter,  of  which  we  fiiall  fpeak  under 
the  article  Copper. 

1 19-  It  is  not  improbable  that  it  may  be  owing 
to  a fimilar  a<5lion,  that  an  extreme  folidity 
and  intimate  adherence  of  particles,  takes 
place  in  earths  which  are  mixed  with  cer- 
tain 
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tain  metallic  oxides  in  the  formation  of  ce- 
ments and  durable  mortars,  impenetrable  to 
water  ; which  are  obtained  in  many  opera- 
tions, and  of  which  the  theory  has  not  yet 
employed  the  attention  of  chemifls,  though  it 
is  lo  highly  and  immediately  of  confequence  in 
a multitude  of  important  arts. 

120.  Though  the  fadts  and  observations 
hitherto  related,  fhow  that  the  earthy  and  alka- 
line bafes  have  more  att  radii  on  for  the  acids 
than  the  metallic  oxides  have,  we  mult,  never- 
thelefs,  obferve  in  this  place,  that  feveral  of 
tliefe  bafes  have  the  property  of  uniting  at  the 
fame  time  to  the  oxides  and  the  acids  without 
feparating  them,  and  form  by  this  union  tri- 
ple faits,  of  which  the  number  is  much  more 
confiderable  than  has  been  fuppofed,  as  we  fhall 
fee  in  the  hiftory  of  the  various  metals.  Am- 
monia and  alumine  are  of  all  the  acidifiable 
bafes,  thofe  which  the  molt  readily  exhibit 
thefe  fpecies  of  fur-compounds  yet  little  known. 

121.  Laftly,  the  alkaline  bafes  and  alkaline 
earths  may  allb  unite  with  the  metallic  oxides 
at  the  fame  time  with  the  combuftible  bodies, 
to  which  they  have  a confiderable  attraction. 
In  this  manner  the  alkaline  and  metallic  hidro- 
fulphurets  are  formed,  by  dilfolving  the  oxides 
in  alkaline  or  earthy  liepaid  fulphurets.  We 
fhall  fee  that  this  effect  is  alfo  produced  by  pre- 
cipitating molt  of  the  metallic  acid  folutions 
by  alkaline  fulphurets,  aud  that  when  various 
metallic  fulphurets  are  treated  by  the  alkalis, 
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fimilar  combinations  are  alfo  formed,  among* 

which  the  antimonial  fulphurets  hold,  as  we 
$ 

fhall  hereafter  fhow,  the  firft  rank. 


Section  XII. 

Concerning  the  Mutual  Aft  ion  of  the  Metals 

and  the  Salts . 

122.  THE  faits  which  were  formerly  deno- 
minated middle,  or  neutral  faits,  have  been, 
and  ftill  are,  frequently  ufed,  as  very  powerful 
agents  to  occafion  changes  in  the  metals  ; in 
general  their  aétion  takes  place  very  weakly  and 
llowly  in  a cold  temperature  ; but  heat  increafes 
this  aétion  in  various  degrees.  We  may  eafdy 
underhand,  from  the  tranfpofition  of  oxigen 
among  the  metals,  that  this  aétion  cannot  take 
place  but  with  faits  of  which  the  acids  are  de- 
compofable,  and  that  their  reluit  muft  be  on 
the  one  part  the  oxidation  of  the  metals,  and  on 
the  other  the  union  of  the  metallic  oxides  with 
the  bafe  of  the  fait.  Bv  enumerating  the  falinc 
genera  I fhall  fhow  in  what  this  action  confifts, 
and  take  notice  of  the  aétion  which  the  metal- 
lic oxides  fometimes  exert  upon  thefe  com- 
pounds. 

123.  The  fulphatcs,  ftrongly  heated  with  va- 
rious metals,  particularly  thole  which  decom- 
pose water,  and  even  the  fulphuric  acid  alone, 
by  the  affiltance  of  heat,  pals  to*  the  ftate  of 

fulphu  rates, 
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fulphurets,  which  unite  to  the  metallic  oxides 
formed  by  this  decompofition  ; antimony,  zinc, 
iron,  and  tin  particularly  poffefs  this  property. 
The  attraction  of  their  oxides  for  the  alkaline 
lulphurets,  and  the  hidro-fulphuret  is  very 
effectual  in  the  caufe  of  this  phenomenon.  The 
oxides  of  thefe  metals  have  no  aCtion  on  the  fuff 
phates.  The  fulphites  aCt  much  lefs,  though  ia 
a fnnilar  manner  upon  the  metals. 

124.  The  nitrates  projected  into  ignited 
veffets,  after  firft  mixing  them  with  fine  filings 
of  metal,  take  fire  with  more  or  lefs  brilliancy 
with  moft  of  the  metals,  frequently  with  a Imall 
fcintillation  ; but  fometimes  with  a brilliant  flame 
on  account  of  the  fixation  of  oxigen,  which 
becomes  more  denfe.  In  this  manner,  metallic 
oxides,  at  the  maximum  of  oxidation  are  formed, 
which  often  unite  with  the  bafes  of  the  nitrates. 
Thofe  of  the  metals  which  are  acid i fiable,  pafs 
by  this  treatment  to  the  ftate  of  acids,  and  com- 
bine into  falts  with  the  falifiable  bafes  of  the 
nitrates.  Silver  and  gold  alone  refill  this  vio- 
lent aCtion  of  nitre,  which  is  frequently  ufed 
to  prepare  very  perfect  oxides  with  great  fpeed0 
It  may  eafily  be  conceived,  that  the  metallic 
oxides  undergo  no  change  on  the  part  of  the 
nitrates  when  they  are  faturated  with  oxigen, 
the  nitrites  are  nearly  without  energy  on  the 
metals,  in  comparifon  with  the  nitrates. 

125.  The  muriates  aCt  but  very  weakly  on  the 
metals,  and  are  themfelves  but  flightly  altered, 
neverthelefs,  the  muriate  of  ammonia  is  eafily 
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decompofed  by  all  the  metals,  which  are  very 
foluble  in  the  muriatic  acid,  as  well  as  by  the 
metallic  oxides,  which  difengage  the  ammonia 
ftill  more  rapidly.  The  alkaline  muriates  ap- 
pear alfo  to  be,  at  lealt,  in  part  decompofable  by 
moft  of  thefe  oxides  ; a circumftance,  which  may 
hereafter  become  of  the  greateft  importance  for 
the  arts,  and  is  already  of  high  value  with  re- 
gard to  lead  and  filver,  as  will  be  more  amply 
fhown  in  the  article  of  thefe  metals. 

1 9,6.  The  fuper-oxigenated  muriates  are  the 
moft  adtive  faits  with  regard  to  the  metals.  We 
have  elfewhere  obferved,  that  they  bum  with 
the  rapidity  and  brilliancy  of  lightning,  when 
ftruck  upon  the  anvil,  after  having  mixed  them 
with  two  or  three  times  their  weight  of  fuper- 
oxigenated  muriate  of  pot-afh.  A fimilar  mix- 
ture being  heated,  takes  fire  and  detonates  with 
a brilliancy  of  light  and  fpeed  much  fuperior  to 
what  is  feen  with  the  nitrates.  By  this  proccfs, 
very  pure  oxides  are  obtained  ; for  the  muriate  of 
pot-alh  may  be  very  eafily  and  completely  fe- 
parated  by  walking  in  water. 

127.  The  phofphates  and  the  phofphi  tes  undergo 
no  alteration  on  the  part  of  metals  at  any  tem- 
perature whatever;  and  this  confequence  is  in 
fadi  indicated  by  the  common  laws  of  attrac- 
tions. The  fame  obférvation  is  alfo  applicable 
to  the  muriates,  the  borates,  and  the  carbonates. 
Accordingly,  thefe  three  lalt  genera  of  faits  can 
never  be  ufed  to  afeertain  the  properties  of  the 
metals* 
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1^8.  Though  metallic  oxides  have  in  general 
leis  attraéiion  for  the  acids,  than  the  alkaline 
&nd  earthy  bales  have,  we,  neverthelefs,  fome~ 
times  obferve,  that  thefe  oxides  when  heated 
with  faline  folutions  are  diffolved,  become 
coloured,  and  combine  fo  well  with  the  faits, 
that  the  cryftals  afterwards  obtained  by  evapora- 
tion and  cooling,  are  manifeftly  charged  with 
metal  Such,  particularly,  are  the  folutions  of 
aluminous  faits  which  appear  to  unite  very 
eafily  with  the  metallic  oxides,  and  afterwards 
to  afford  cryftals,  in  which  true  triple  faits  are 
formed.  Thefe  cafes  are  much  lefs  rare  than  has 
hitherto  been  thought,  and  they  will  be  more 
frequently  obferved  in  proportion  as  chemical 
refearches  fhall  be  extended  with  regard  to  fa- 
line  matters. 


Article  IL 

Concerning  Arfenic  and  its  Acid \ 
Section  L 

Concerning  Metallic  Arfenic , 

A,  Hiftory , 

1.  FROM  the  earlieft  period  in  which  man- 
kind worked  the  metallic  ores,  they  muff  have 
afcertained  the  volatility,  the  odour,  and  the 
noxious  effects  of  this  fubftance.  Neverthelefs, 
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arfenîc  has  remained  unknown  as  a metal,  and 
was  not  placed  among  the  femi-metals  or  brittle 
metallic  bodies  till  the  expiration  of  about  one- 
third  part  of  the  18th  century  : notwithftand- 
ing,  Paracelfus  had  announced,  that  it  might 
be  obtained  white  in  the  metallic  form.  Schro- 
der, in  1649,  mentioned  a metal  extra&ed  from 
orpiment  and  arfenic  ; for  we  mult  here  take  no- 
tice, that  the  denomination  of  arfenic  was  long 
given  to  the  oxide  of  arfenic.  Lemery  in  1675 
alfo  defcribed  a procefs,  which  is  at  prefent  ufed 
with  fuccefs  in  the  mixture  of  fixed  alkali  and 
foap  with  this  oxide,  to  obtain  what  is  called  the 
regulus.  The  ancients  were  acquainted  with 
its  oxide,  its  yellow  and  red  fulphuret  under 
the  name  of  arfenic  ; Sandarach  and  Orpiment. 
Theophraftus  placed  them  among  the  metallic 
hones.  Mineralogies  were,  for  a long  time, 
content  to  range  it  among  fulphureous  matters, 
and  confider  it  as  a mineralizer  of  the  metals. 
Brandt  in  1733,  and  Macquer  in  1746,  fhowed 
that  is  a true  metal  poffeffmg  properties  highly 
character! (tic,  and  different  from  thofe  of  every 
other  metal.  Monnet  confirmed  thefe  older  va- 
lions by  a number  of  faéts  in  his  differtation, 
which  obtained  the  prize  of  the  academy  of 
Berlin  in  1773.  Macquer  made  a capital  dis- 
covery in  1748,  by  carefully  examining  the 
refidue  of  the  decompofition  of  nitre  by  white 
arfenic,  or  the  oxide  of  arfenic,  which  afforded 
him  his  neutral  arfenical  fait  : but  Scheele  ex- 
tended 


ARSENIC» 


86 

tended  this  difcovery  very  much  in  1 77 5 ^ by 

«./  c/  y ** 

Slowing  that  this  oxide  is  changed  into  a power- 
ful acid  by  the  aétion  of  the  nitric  acid  ; and  by 
this  procefs,  confirmed  the  ideas  of  Becher  and 
Kunckel,  who  confidered  this  oxide  as  a co- 
agulated aqua-fortis.  In  the  year  1 777,  Berg- 
mann  united  in  one  d Hier  tat  ion,  a great  part  of 
the  properties  of  this  metal  in  the  metallic 
hate,  in  the  ftate  of  oxide,  and  in  that  of  ore. 
The  French  or  Pneumatic  doctrine  has  claffed 
and  Angularly  enlightened  all  the  fabts  relative 
to  the  properties  of  this  metal 


B.  Phyfieal  Properties . 

2.  Arsenic  has  the  form  of  final!  plates  of 
a blackifii  grey,  brilliant  and  metallic,  whitiih, 
and  of  a lively  bright  polifli  in  its  recent  frac- 
tures, poffeffing  the  fpecific  gravity  as  ftated  by 
Bergfnann,  of  8, 3 10,  and  by  Guyton  5,7b3.  It  is 
extremely  brittle,  the  fmalleft  effort  breaks  it  into 
minute  fragments  ; it  may  be  eafily  pulverized 
by  percufflon,  and  reduced  into  a fubtle  powder 
capable  of  palling  through  the  fineft  filken 
fieves.  It  poffeffes  the  laft  rank  in  the  order  of 
hardnefs  according  to  Citizen  Guyton.  Berg- 
man n,  however,  affirms  that  it  is  harder  than 
copper;  it  is  frequently  marked  with  rain- 
bow colours  at  its  furface  ; its  fufibility  is  not 
known,  becaufe  it  fublimes  before  it  melts  ; 
it  is  the  moft  volatile  of  all  the  metals  ; it 
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cryftallizes  when  flowly  fublimed  in  a regular 
tetrahedron,  and  fometimes  in  the  form  of  an. 
octahedron.  The  firft  form  is  that  of  its  inte- 
grant particles.  Neither  its  tafte  nor  fmell  are 
very  perceptible  when  cold  : neverthelefs,  it 
leaves  on  the  fingers  a flight  metallic  tafte,  and 
in  the  mouth,  a fharp  peculiar  tafte,  which  is 
very  difagreeable.  When  it  is  heated,  it  poft 
feffes  the  form  of  vapour,  and  exhibits  a very 
ftrong  fetid  fmell  of  garlic,  which  mày  be  con- 
fidered  as  the  characteriftic  token  of  its  pre- 
fence» Neither  its  dilatability  by  caloric,  nor 
its  conducting  power  of  that  fubftance,  or  of 
electricity,  have  been  eftimated* 

• . / 

C.  Natural  Hi/lory „ 

3»  Arsenic  frequently  exifts  native  in  ores; 
it  has,  aim  oft  always  the  form  of  blackifh  maffes 
of  little  brilliancy,  very  heavy,  exhibiting  no 
metallic  fplendor  but  in  their  fracture,  which, 
frequently  prefents  rainbow  colours.  Its  frac- 
ture is  almoft  always  fcaly  and  conchoidah 
This  metal  was  long  confounded  with  the  ores 
of  cobalt,  and  denominated  teftaceous  cobalt. 
It  varies  in  its  colour  from  deep  grey  to  black  : in 
its  lamellated  form,  fcaly,  pulverulent;  and  its 
ftate  of  depofition  of  ftalaCtites,  of  ineruftation, 
of  cryftals  ; it  is  often  found  with  the  ores  of  co- 
balt, of  bifmutb,  of  nickel,  of  filver,  in  Saxony, 
Hungary,  Bohemia,  and  at  the  mines  of  St, 
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Mary.  It  may  be  unequivocally  afcertained  by 
throwing  a few  final!  fragments  upon  ignited 
coal  ; a white  fume  inftantly  rifes  with  the  fmeli 
of  garlic. 

4.  Nature  frequently  preients  arfenic  coni'' 
bined  with  other  metals.  We  are  not  yet  v^ell 
acquainted  with  ores  of  this  kind,  except  the 
mifpickel,  or”  arfenical  pyrites,  which  is  a 
true  alloy  of  iron  and  arfenic  with  fulphur. 
Iron  compotes  from  one-half  to  two-thirds  of  its 
mafs  according  to  Bergmann,  though  it  is  not 
attracted  by  the  magnet  When  this  native 
alloy  is  heated,  the  arfenic  fublimes,  and  the 
iron  remains  partly  reduced  and  attractable  by 
the  magnet.  This  alloy  cryftallizes  in  cubes, 
of  which  the  angles  are  often  truncated. 

5.  A third,  very  frequent  ftate  of  arfenic  in 
nature,  is  that  of  its  combination  with  fulphur. 
It  prefents  two  principal  varieties,  the  one  yellow, 
known  under  the  name  of  orpiment,  the  other 
red,  named  Realgar,  which  are  fometimes  trans- 
parent, and  often  opaque.  The  yellow  affcdls  the 
lamellated  form,  and  the  red  the  prifmatic.  We 
are  not  yet  well  acquainted  with  the  differ- 
ence of  thefe  two  compounds  in  which  the  arfenic 
appears  to  be  but  little  oxided.  They  frequently 
affume  a pyramidal  or  tetrahedral  form  confi- 
derably  perfect  ; fometimes  in  the  mafs  of  calci- 
ned ore  of  arfenic  we  obferve  only  pyramids  of 
fulphuret  of  arfenic,  competed  of  filaments  paral- 
lel to  the  fides  ; fo  that  one  of  the  hollow  trian- 
gular pyramids  being  frequently  filled  with  final  1 
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pyramids,  produces  a tetrahedron  with  the  other 
pyramids  progreffively  decreafing,  and  the  eight 
tetrahedrons  fuitably  difpofed  produce  the  octa- 
hedron. Here,  as  Bergmann  ohferves,  from 
whom  this  description  is  taken,  we  fee  a crys- 
tallization in  the  dry  way  ahfolutely  fimilar  to 
that  which  is  afforded  in  the  humid  way  by 
muriate  of  foda,  the  muriate  of  pot-ath,  and 
perhaps,  all  the  other  faits.  We  fee,  that  this 
fkilful  chemift  noticed  the  laws  of  diminution 
to  which  Citizen  Haiiy  has  paid  fuch  fuccefsful 
attention.  The  yellow  and  red  fulphurets  of 
arfenic  vary  in  their  form,  and  the  fhade  of 
their  colour.  They  are  found  in  numerous 
places  in  the  vicinity  of  Volcanos;  particularly 
at  Vefuvius  and  Quito.  Sometimes,  they  are 
alloyed  with  iron,  in  which  cafe,  their  colour 
is  pale,  and  even  becomes  white.  Thefe  fill- 
phnrets  are  totally  fublimable. 

6 , Arfenic  is  fometimes  found  in  the  earth 
in  the  ftate  of  pure  white  oxide,  or  arfenious 
acid,  as  we  fhall  fee  hereafter  : but  this  is 
fcarce,  and  always  in  fmall  quantity.  In  the 
territories  already  mentioned,  it  is  formed  either 
in  powder  or  in  efflorefcence,  or  in  white  malfes 
depofited  in  ftrata,  fometimes  tranfparent,  fre- 
quently mixed  with  yellow  or  red  fulphuret  of 
arfenic.  It  is  diftinguifhed  by  its  garlic  vapour, 
when  thrown  in  the  fire,  as  well  as  by  its  acrid 
metallic  tafie,  and  its  folubility  in  water. 

7.  We  are,  not  yet  acquainted  with  the  na- 
ture of  the  oxide  of  arfenic  united  to  acids. 

On 
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On  the  contrary,  we  know  that  this  metal  in 
the  ftate  of  acid,  is  frequently  itfelf  the  minera- 
lizer of  various  other  metals. 

D.  Docimaflic  and  Métallurgie  Operations. 

8.  Nothing  can  be  more  fimple  and  eafy 
than  the  affay  of  the  ores  of  this  metal,  fmee 
it  conflits  merely  in  afeertaining  its  prefence  by 
the  white  fume  and  the  odour  of  garlic  which 
they  prefent  when  thrown  on  ignited  coal.  A 
true  aifay  of  thefe  ores  for  metallic  works  is 

%f 

never  made. 

9*  In  fcientific  chemiftry,  if  it  be  deiired  to 
afeertain  the  quantity  of  metal  contained  in  a 
native  oxide  of  arfenic,  or  which  is  the  fame 
thing,  to  obtain  metallic  arfenic  from  its  oxide, 
this  fubftan.ee  is  mixed  with  three  times  its 
weight  of  black  flux  ; the  mixture  is  put  into  a 
crucible  and  covered  with  another  reverfed  and 
luted  in  fuch  a manner  as  to  prevent  the  ac- 
cefs  of  air.  The  lower  crucible  is  heated  by 
degrees  to  ignition,  at  the  fame  time  that  the 
upper  is  defended  from  the  heat,  and  the  flame 
by  a perforated  copper-plate.  When  the  appara- 
tus is  cool,  the  upper  crucible  is  found  to  con- 
tain a cruft  of  metallic  arfenic,  brilliant  and 
cryftallized,  eafy  to  be  detached,  of  which  the 
weight  may  be  compared  with  that  of  the  ore, 
or  rather  the  oxide  employed, 

Bergmann,  in  his  Differtation  on  the  Humid 
Anal  y fis,  directs  us  to  affay  native  arfenic  by 
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difïolving  it  in  four  parts  of  intro-muriatic 
acid,  concentrating  the  folution  by  evapora- 
tion, and  precipitating  by  water  the  muriate  of 
arfenic.  The  filtered  liquor  contains  the  other 
metals  which  may  exift  in  the  ore.  If  it  con- 
tain filver,  this  may  be  thrown  down  in  the  form 
of  infoluble  muriate.  Iron  is  frequently  found 
in  the  folution  precipitated  by  water. 

1 1.  The  fulphuret  of  arfenic  muft  be  treated 
with  the  muriatic  acid,  by  adding  a fmall  quan- 
tity of  nitric  acid  to  feparate  the  fulphur  ; this 
laft  is  collected,  wafhed,  and  weighed  ; the  ox- 
ide of  arfenic  is  alfo  capable  of  being  precipi- 
tated by  water  ; arfenic  may  alfo  be  obtained  in 
the  metallic  ftate  by  immeriing  zinc  in  the  mu- 
riatic folution,  after  having  added  alcohol.  If 
it  contain  iron  it  remains  fufpended.  By  this 
allay  it  is  determined  that  the  different  propor- 
tions of  fulphur  occalion  the  variations  of  co- 
lour in  the  fulphurets  of  arfenic. 

12.  With  regard  to  the  native  oxide  of  this 
metal,  its  allay  muft  alfo  be  made  by  the  muri* 
atic  acid,  which  diffolves  it.  Bergmann  very 
properly  recommends  that  the  nitric  acid  fhould 
be  ufed  with  great  caution  in  thefe  allays,  be- 
caufe  it  eafily  converts  the  arfenic  into  the  acid 
ftate,  which  is  no  longer  précipitable  by  water; 
he  even  remarks,  that  a fmall  portion  is  con- 
ftantly  formed,  which  unites  with  the  earths 
and  metallic  oxides  exifting  in  the  ores  of 
arfenic,  and  of  which  it  is  neceffary  to  take 
account  in  an  accurate  docimaftic  analyfis. 

3 1 3c  The 
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IS.  The  ores  of  arfenic  are  not  treated  in  the 
large  way  for  the  purpofe  of  obtaining  the 
metal  ; its  two  produdts  are  obtained  in  the 
treatment  of  feveral  other  ores,  particularly 
thofe  of  cobalt  ; and  both  are  extremely  dan- 
gérons  in  their  ufes.  In  Saxony  and  Bohemia 
the  oxide  of  arfenic,  or  a true  arfenious  acid  is 
obtained  during  the  reading  of  the  ore  of  caw 
bait.  Thefe  products  lublime  and  fix  t hern- 
ie Ives  in  long  horizontal  chimnies  proceeding 
from  the  furnaces.  This  article  is  fold  under 
the  name  of  white  arfenic. 

14.  Loaves,  or  malfes  of  metallic  arfenic,  of 
a blackidi-grey  colour,  are  alfo  prepared  in  the 
large  wray,  confiding  of  plates  irregularly  ar- 
ranged, fo  as  to  leave  a great  number  of  pores 
and  cavities.  Thefe,  probably,  are  obtained 
in  the  large  way  by  treating  other  arfenical 
ores  ; and  they  are  fold  under  the  dangerous 
and  deceitful  name  of  teftaceous  cobalt,  or 
powder  for  killing  flies.  Bergmann,  who  alfo 
reje&s  this  erroneous  exprefdon,  is  deceived 
when  he  affirms  that  this  fubdance  does  not  kill 
flies  unlcfs  it  be  in  the  date  of  oxide.  The  ex- 
periments of  our  peafants,  who  drew  this  pow- 
der in  plates  containing  water,  which  are  placed 
even  on  dining  tables,  and  foon,  become  filled 
with  dead  dies,  proves  that  the  metal  itfelf, 
though  infoluble,  is  extremely  poifonouso 
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E,  Concerning  the  Oxidability  of  Arfenic  by  the  Air* 

15»  Arsenic,  in  the  brilliant  metallic  ftate, 
and  recently  prepared,  foon  changes,  even  in 
the  cold,  by  the  contadi  of  the  air.  Its  fur- 
face  is  oxided  at  firft  of  a dull  colour,  and  at 
laft  becomes  black,  at  the  fame  time  that  il 
lofes  its  hardnefs,  and  becomes  extremely  fria° 
ble,  and  even  pulverulent. 

16.  When  it  is  heated  with  the  contact  of 
air,  and  particularly  when  its  powder  is  thrown 
on  red-hot  coals,  it  burns  with  a very  percep- 
tible blue  flame  ; it  emits  fumes  having  a ftrong 
fmell  of  rotten  garlic,  and  it  fublimes  in  a white, 
acrid,  folublemafs,  which  has  been  denominated 
oxide  of  arfenic,  but  which  I fliall  deferibe  un- 
der the  name  of  the  arfenious  acid.  Citizen 
Guyton  places  it  in  the  feventh  rank  of  oxida- 
bility  after  antimony.  I confider  it  as  one 
of  the  molt  combuftible  among  metallic  fu  la- 
itances. 

* 


F.  Union  with  Combustible  Matters. 

17.  No  union  is  known  to  fubfift  between 
arfenic,  azote,  carbon,  and  the  diamond  ; it  is 
known  to  be  foluble  in  hidrogen  gas,  to  which 
it  gives  a fetid  fmell,  and  poifonous  property. 
Its  combinations  with  phofphorus,  fulphur, 
and  the  metals  have  been  determined. 

18.  When 
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18:  When  equal  parts  of  phofphoms  and 
arfenic  are  diftilled  with  careful  management 
of  the  fire,  a brilliant  blackifh  fublimate  is  ob- 
tained which  burns  on  ignited  coals  with  a 
mixed  odour  of  thefe  two  combuftible  bodies. 
A black  refid ue  is  left  abounding  with  phofpho- 
rus,  which  muft  be  kept  under  water,  and  is 
the  phofphoret  of  arfenic.  This  combination 
may  alfo  be  made  under  water  at  a boiling  heat 
in  a glafs  veffel  ; the  phofphorus  unites  with 
the  arfenic  by  fufion.  The  characters  of  this 

V 

phofphoret  of  arfenic  are  not  yet  known. 

19*  Arfenic  is  eafily  combined  with  fulphur 
by  fufion  and  by  fublimation.  It  then  forms 
a yellow  or  red  compound.  This  laft  colour 
Ihows  that  the  metal  preferves  its  metallic  na- 
ture. For  when  this  compound  is  oxided  by 
the  aCtion  of  acids  it  paffes  to  yellow.  It  is  a 
perfed  imitation  of  the  native  red  fulphuret 
of  arfenic,  or  realgar,  which  has  fometimes  been 
named  on  account  of  its  colour,  the  ruby  of 
arfenic.  The  alkaline  fulphurets  alfo  diffolve, 
arfenic  with  facility,  which  adheres  to  them 
but  weakly,  and  is  eafdy  feparated  by  all  the 
other  metals.  The  hidro-fulphuret  of  arfenic 
is  not  yet  known. 

SO.  Arfenic  unites  very  eafily  with  moft  of  the 
metals.  As  it  is  the  firft  metal  which  is  ex- 
amined individually  in  this  work  we  cannot 
treat  of  its  alloys,  but  in  a general  manner; 
becaufe  we  fhall  return  to  them  under  each  of 
the  twenty  following  metals.  By  uniting  with 

the 
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the  duétile  metals,  arfenic  renders  them  brittle  J 
thofe  which  are  difficult  to  fufe,  become  much 
more  fufihle  by  this  treatment,  and  thofe  which 
melt  eafily  become  refra<5lory.  It  whitens  the 
yellow  and  red  metals  ; it  renders  the  white 
metals  grey  : in  general  it  communicates  bril- 
liancy and  hardnefs,  and  confequently  a more 
confiderable  fpecific  gravity,  with  the  property 
of  obtaining  a higher  poliffi  than  before» 
Nature  frequently  prefents  it  alloyed  with  the 
metals,  and  it  is  confidered  in  mineralogy  as 
one  of  the  mod  frequent  mineralizers.  The 
arfenicated  metals  lofe  their  arfenic  by  the  ac- 
tion of  fire  ; but  this  volatile  metal  carries  a 
portion  of  the  others  with  it  ; and  thefe  alfo 
frequently  retain  a portion  of  the,  arfenic  fo 
flrongly  as  not  to  be  feparated  but  with  much 
difficulty. 

G,  A Sion  upon  Water  and  the  Oxides 

21.  Arsenic  does  not  decompofe  water,  note 
withftanding  its  tendency  for  oxigen  ; on  the 
contrary  we  fee  its  oxide  decompofed  by  heat, 
with  hidrogen  and  hidrogenated  bodies.  Calo- 
ric does  not  favour  the  decompofition  of  water 
by  this  metal. 

22*  It  feizes  the  oxigen  from  the  oxide  of 
azote,  and  becomes  converted  either  into  arfe- 
nious  acid,  or  arfenic  acid,  by  the  adlion  of 
nitrous  gas  long  continued.  We  mufl  here  re- 
coiled!; that  the  oxide  of  azote  during  its  for- 
mation 
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ination  abforbs  a portion  of  calorie  which  ren- 
ders the  union  between  the  acid  and  oxigen 
lefs  powerful,  and  that  upon  this  account  ni» 
trous  gas  is  more  decompofable  than  the  ni- 
tric acid,  and  is  the  fir  ft  decompofed  by  com- 
buftible  bodies  in  the  nitrous  acid,  of  which  it 
forms  a conftituent  part,  as  has  been  obferved 
in  the  hiftory  of  the  acids  of  nitre. 

23.  The  adtion  of  arfenic  on  the  oxides  of 

/ 

phofphorus  and  fulphur,  has  not  been  appreci- 
ated ; it  appears  neverthelefs,  that  it  is  infig- 
nificant,  fmee  phofphorus  and  fulphur  always 
tend  to  difoxigenate  the  oxides  and  acids  of 
arfenic,  as  we  fhall  fee. 

24.  Arfenic  decompofes  feveral  metallic 
oxides  either  in  the  dry  or  the  humid  way. 
In  general  thofe  metals  which  have  little  at» 
traction  foroxigen,  and  particularly  thofe  which 
have  not  abforbed  it  in  the  folid  ftate  are  ca- 
pable of  burning  arfenic  with  activity,  and 
even  with  flame  when  heated  with  thefe  ox- 
ides. We  fhall  return  to  this  phenomenon,  in 
the  hiftory  of  feveral  of  the  following  metals» 
This  effedl  is  not  produced  on  manganefe,  zinc, 
tin,  and  iron,  becaufe  thefe  metals  decoinpofs 
its  proper  acidified  oxides  as  we  fhall  fpeedily 
remark. 
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H,  À B ion  of  Arfenic  upon  the  Acids,  and  of  the  Acids 

upon  Arfenic . 

25.  In  general,  thofe  acids  only  which  are 
eafily  decompofed,  appear  capable  of  acting  upon 
arfenic  and  fupplying  it  with  oxigen.  Few  of 
them  can  hold  it  in  folution,  on  account  of  the 
acid  nature  which  it  affumes  by  its  oxidation  ; 
It  therefore,  always  falls  down  in  the  form  of 
a white  powder  from  its  folutions.  Moll  of  the 
acids,  by  a confiderable  adtion  upon  arfenic, 
convert  it  into  arfenic  acid,  or  at  leaft  into 
arfenious  acid  ; and  it  has  then  much  more 
tendency  to  unite  with  the  alkalis,  than  to  com* 
bine  with  the  acids  ; accordingly,  it  feparates 
from  the  latter,  or  at  leaft  it  does  not 
unite  with  them  ; when,  therefore,  we  obtain 
folutions  of  arfenic,  they  are  always  made  with 
excels  of  acid,  little  charged  with  oxide;  they 
have  little  permanency,  they  become  turbid  by 
evaporation,  or  by  the  fimple  addition  of  water, 

2b.  The  concentrated  fulphuric  acid  does 
not  attack  arfenic  in  the  cold  ; when  it  is  boiled 
upon  this  metal  in  powder  or  in  fmall  frag- 
ments, it  produces  an  effervefcence  ; fulphu- 
reous  acid  gas  is  difengaged  : the  arfenic  be- 
comes oxided  and  remains  at  the  bottom  of  the 
veffelin  a white  powder,  which  retains  but  little 
fulphuric  acid  ; waffling  with  water  carries  off 
nioft  of  this  laft,  and  leaves  the  arfenic  with 
little  diminution.  There  is  not,  truly,  a fuF 
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plia  te  of  arfenic*  No  cryftals  are  obtained  from 
this  fqlution  ; by  evaporation,  the  arfenious 
acids  falls  down,  and  the  fulphuric  acid  remains 
fufpended.  No  adtion  takes  place  between  the 
fulphureous  acid,  and  the  arfenic  acid* 

27*  Concentrated  nitric  acid  attacks  arfenic 
in  powder  with  much  vivacity,  or  rather  this 
metal  rapidly  decompofes  the  nitric  acid  ; ni- 
trous gas  is  difen  gaged,  and  towards  the  end 
azote.  The  arfenic  is  changed  into  a white 
powder  much  heavier  than  the  metal  was  before. 
It  is  firft  the  arfenious  acid  which  may  pafs  to 
the  ftate  of  arfenic  acid,  if  a new  quantity  of 
nitric  acid  be  made  to  adl  upon  it  ; fometimes, 
even  when  a large  quantity  of  this  acid  has  been 
taken,  and  its  action  is  shifted  by  heat,  the 
metal  fpeedily  becomes  arfenic  acid,  and  no 
oxide  remains  in  the  fupernatant  acid,  fo  that 
there  is  no  nitrate  of  arfenic  afforded.  Chemifts 
who  have  fpoken  of  inch  a nitrate,  obtained  a 
lolution  of  arfenic  acid,  and  confequently  were 
induced  to  albert,  that  the  alkalis  do  not  pre- 
cipitate this  metal  The  nitrous  acid  produces 
this  effect  of  acidification  upon  arfenic  hill 
more  fpeedily. 

28.  There  is  no  perceptible  action  between 
the  phofphoreous  and  phofphoric  acids  and  ar- 
fenic ; by  means  of  an  elevated  temperature  con- 
tinned  for  fome  time,  a finall  quantity  of  arfenic  is 
oxided,  but  weakly  and  almoh  in  an  infenfible 
manner:  the  fame  obfervation  applies  to  the 
carbonic  acid, 

Vo  l.  V . ' If  ' . 29.  The 
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29-  The  muriatic  acid  has  no  action  in  the 
cold  upon  arfenic;  when  it  is  made  to  boil,  it 
perceptibly  diffoives  it,  and  gives  out  a fetid  gas, 
which  appears  to  be  arfeniated  hidrogen.  The 
muriatic  acid,  therefore,  renders  water  decom« 
pofable  by  arfenic.  Bergmann  has  remarked, 
that  this  acid  is  the  heft  folvent  of  the  metal 
here  fpoken  of,  and  accordingly,  he  has  recom- 
mended it  for  the  allays  of  its  ores.  A final  1 
quantity  of  nitric  acid  being  added,  renders 
the  folution  more  fpeedy.  This  folution  heated 
and  concentrated  in  clofed  velfels,  fublimes  to- 
tally in  the  form  of  a thick  fluid,  which  .was 
denominated  butter  of  arfenic.  It  is  decom- 
pofed  by  water  alone,  which  feparates  the  arfe- 
nious  acid.  It  is,  therefore,  only  a tranfient 
muriate  of  arfenic,  which  cannot  be  compared 
to  a true  metallic  fait. 

30.  Theoxigenated  muriatic  acid  acts  upon  ar- 
feme  with  much  greater  force  and  rapidity.  This 
metal,  when  thrown  in  the  ftate  of  powder  into 
» oxigenated  muriatic  acid  gas,  becomes  inftan- 
taneoufiy  inflamed,  and  burns  with  a white  and 
very  bright  flame;  it  afterwards  exifts  in  the 
ftate  of  arfenious  acid.  If  we  add  to  it  liquid 
oxigenated  muriatic  acid,  it  fpeedily  palfes  into 
the  ftate  of  arfenical  acid,  whil'ft  the  former  is 
reftored  to  the  ftate  of  ordinary  muriatic  acid, 

Ki 

The  fame  acidification  is  effected  by  pouring 
oxigenated  muriatic  acid  into  the  folution  of 
arfenic  by  the  ordinary  muriatic  acid. 

<V 
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31.  The  fluoric  and  the  boracic  acids  exert  no 
action  at  all  upon  arfenic.  We  fhall  fee  here- 
after what  are  its  habitudes  with  refpeéf  to  the 
metallic  acids,  and  even  with  refpeét  to  its  own 
or  the  arfenic  acid» 


I.  A A ion  of  the  Bafes  and  Salts  upon  Arfenic . 

No  earthy  or  alkaline  bafe  exerts  any 
*eal  action  upon  arfenic,  nor  eflfeéts  any  oxi- 
genation  of  it  by  water,  at  leaft  unlefs  we  boil 
this  metal  for  a long  time,  in  the  hate  of  fine 
powder,  in  a large  quantity  of  alkaline  folution. 

Ammonia  is  equally  inert  with  reipeét  to  this 
metal. 

So.  the  fulpliates  are  not  decompofed  by 
arfenic  , the  heat  which  it  would  be  necefïary  to 
employ  in  order  to  favour  this  decompofition, 
is  fuperior  to  that  which  volatilizes  this  metal  ; 
lull  lefs  can  it  fuffer  any  alteration  by  the  aftioii 
of  the  fulphites. 

34.  The  nitrates  burn  arfenic  and  detonate 
with  it.  They  convert  it  into  arfenical  acid  by 
the  great  quantity  of  oxigen  which  they  impart 
to  it;  and  this  acid,  combining  with  the  bafes 
of  the  nitrates,  forms  arfeniates  which  remain 
at  the  bottom  of  the  veffels  in  which  this  opera- 
tion is  carried  on, 


35.  No  aétion,  no  combination,  no  decom- 
pofition is  known  between  arfenic  and  the  mu- 
liâtes.  JTne  fuper-oxigenated  muriates,  on  the 
confiai},  exeit  a confiderable  aélion  upon  this 
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metal  When  three  parts  of  fuper-oxigenatecl 
muriate  of  pot-afli  have  been  mixed  with  one 
part  of  arfenic  in  fine  powder,  (a  mixture  which 
muft  be  made  with  great  caution,  and  without 
applying  much  fri&ion  or  compreffion  to  the 
fubftances,  left  fpontaneous  inflammation  and 
detonation  thould  take  place),  if  we  ftrike  fmall 
portions,  placed  upon  an  anvil  or  folded  in 
paper,  with  a hammer,  a confiderable  fulmina-* 
tion  attended  with  flame  is  produced.  If  we 
approach  a body  in  the  ltate  of  combuftion  to 
the  fame  mixture,  it  kindles  and  burns  with 
excefiive  rapidity*  Poured  upon  concentrated 
fulphuric  acid,  it  emits  a flame,  at  the  inftant 
of  contadt,  which  raifes  itfelf  in  the  air,  flafhes 
like  lightning,  and  is  fo  brilliant  that  it  dazzles 
the  eyes. 

Stl  No  adtion  is  known  to  be  exerted  upon 
arfenic  by  the  phofphates,  which  themfelves 
undergo  no  alteration.  The  phofphites  when 
heated  with  this  metal,  yield  a fmall  quantity  of 
phofphuret  of  arfenic. 

37*  The  fluates,  borates,  and  carbonates  exert 
no  aftion  at  all  upon  it  ; when  we  heat  it  with 
borax  by  means  of  the  blow-pipe,  it  becomes 
volatile,  bums,  and  does  not  remain  fixed  in 
the  vitreous  globule  formed  by  this  fait. 

Iv.  Ufes  of  Arfenic  « 

38.  Arsenic,  in  the  metallic  form,  and  fuch 
as  it  has  been  defer ibed  in  this  paragraph,  is 

but 
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but  little  employed,  except  in  chemical  labora- 
tories, where  various  experiments,  refearches, 
and  de  mo  nitrations  are  carried  on. 

39.  As  it  is  fometimes  employed  for  killing 
flies,  great  caution  fhould  be  ufed  in  applying 
it  to  this  purpofe  ; for  this  fubftance,  which  is 
fold  under  the  name  of  teftaceous  cobalt,  or 
fly-powder,  is  very  dangerous  to  all  animals, 
though  fome  chemifts  are  of  the  contrary 
opinion.  The  antidotes  again  ft  its  poifon  fliall 
be  enumerated  hereafter. 

40.  In  fome  manufaétories  it  is  alloyed  with 
various  metals,  in  order  to  whiten  and  harden 
them  ; the  white  copper  is  frequently  an  alloy 
of  this  kind,  We  fliall  fpeak  of  this  fubjeét  in 
the  hiftory  of  the  other  metallic  fubftances  ; it 
is  only  of  importance  to  obferve  in  this  place, 
that,  though  fuch  alloys  may  be  of  utility  iri 
fome  cafes,  they  ought  never  to  be  employed  in 
utenfils  for  the  preparation  of  aliment,  drinks* 
or  medicines* 
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Section  IL 

Of  the  Arfenious  and  Arfenical  Acids . 

Species  I. 

\ 

The  Arfenious  Acid . 

L I WAS  the  fir  ft  who  applied,  feme  years  ago, 
the  name  of  arfenious  acid  (acide  arfenieux) 
to  the  fubftanee  which  is  known  in  commerce 
by  the  name  of  white  arfenic , ( dr fenic  blanc) , 
.and  which  has  been  termed  oxide  of  arfenic  in 
the  Methodical  Chemical  Nomenclature.  The 
manifeftly,  though  fiightly,  acid  properties  of 
this  pretended  oxide,  which  had  already  been 
ranked  amongft  the  acidified  fubftances  by  lome 
of  the  ancient  chemifts,  induced  me  to  do  fo, 
as  well  as  the  advantage  of  comparing  its  pro- 
perties in  the  hiftory  of  arfenic  and  the  arfenical 
acid,  withthofeof  the  pholphoreous  and  fulphu- 
reous  acids,  in  the  hiftory  of  phofphorus,  fui- 
phur,  and  the  phofphoric  and  fulphuric  acids. 

2.  This  acid  is  found  frequently,  if  not  abund- 
antly, in  nature  ; it  is  known,  and  I have  my- 
felf  indicated  it  amongft  the  arfenical  ores,  by 
the  name  of  native  oxide  of  arfenic  : it  is  ob- 
tained in  the  large  way,  and  fublimed  in  work- 
iiicr  various  ores,  efpecially  thofe  of  cobalt. 
It  is  prepared  by  heating  and  burning  arfenic  it 
fubliming  apparatufes,  to  which  the  air  has  ac- 
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cefs  ; it  is  alfo  this  fubftanee  which  is  formed 
when  the  arfenic  is  fuppofed  to  be  fnnply  ox^ 
ided  by  the  fulphuric,  nitric,  muriatic,  and 
oxigenated  muriatic  acids  ; finally,  it  is  this 
weak  acid  which  refaits  from  all  the  circum- 
flances  in  which  arfenic  is  oxided  to  white** 
nefs  ; fo  that  there  is  no  real  oxide  of  this  me** 
tal  except  that  which  is  black. 

3.  The  acid  charadteriftics  of  this  burned  fub* 
fiance  are  the  acrid  take,  its  cauftic  and  poi- 
fonous  property,  that  of  changing  feeble  blue 
colours  into  red,  of  precipitating  the  alkaline 
and  earthy  lulphurets,  of  diffolving  in  water, 
of  uniting  with  the  alkalis  and  earths  ; and,  as 
a weak  poifonous  acid,  it  is  volatile,  lefs  10 lu- 
bie than  the  arfenical  acid  ; its  laits  are  much 
more  decompofable  than  thole  of  the  latter  : 
but  its  differences  and  variations  will  be  better 
underftood  by  fludying  its  real  properties. 

4.  The  arfenious  acid  is  very  volatile  : when 
we  heat  it  flowly  in  clofe  veffels,  it  fublimes  in 
regular  tetrahedral  cry  fiais,  which  are  trans- 
parent like  glafs.  Frequently  the  tetrahedrons 
have  their  angles  truncated,  It  forms  denfe, 
femi-tranfparent  layers  in  the  chimnies  where 
the  ores  of  cobalt  are  worked,  appearing  in  the 
form  of  u powder  or  of  fmall  needles  : this  was 
formerly  termed  flowers  of  arfenic . This  acid 
is  fo  extremely  acrid  and  cauftic,  that  it  corrodes 
the  organs  of  animals  ; it  is  the  moft  deleterious 
of  all  known  poifons.  Its  fpecific  weight  is  lefs 
than  that  of  arfenic  j it  weighs  between  4,000 

and 
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and  5,000:  the  oxigen  with  which  it  is  com* 
bined  keeps  therefore  the  molecules  of  the  ar fe- 
me more  feparate  from  each  other  than  in  their 
metallic  ftate  ; it  reddens  the  molt  fenfible  and 
alterable  blue  vegetable  colours,  though  it  turns 
the  fyrup  of  violets  green  ; when  expofed  to  the 
air,  it  becomes  opaque  and  covered  with  a flight 
efflorefcence.  é 

5.  The  arfenious  acid  is  very  eafily  alterable 
by  hidrogen,  carbon,  phofphorus,  and  fulphur  ; 
the  two  firft  deprive  it  of  its  oxigen  in  a red 
heat,  and  caufe  it  to  return  to  the  ftate  of  arfe- 
nic  ; the  one  forming  water,  and  the  other 
carbonic  acid.  The  phofphorus  and  fulphur 
become  in  part  acid,  and  in  part  conftitute  with 
the  arfenic,  which  they  reftore  to  the  metallic 
ftate,  arfenical  phofphoret  or  fulphuret.  It  is 
on  this  account  that  Margraff  and  Pelletier, 
who  have  particularly  occupied  themfelves  with 
the  metallic  phofphorets,  have  faid  that  we 
might  form  them  with  white  arfenic,  or  the 

O 


arfenious  acid. 

6.  Water  diffolves  the  arfenious  acid  pretty 
eafily  ; it  requires  no  more  than  twenty-four 
parts  at  ten  degrees  to  diffolve  one  part  of  the 
acid  ; hot  water  diffolves  more  of  it  than  cold, 
for  fifteen  parts  of  boiling  water  are  fufficicnt  to 
diffolve  one  part  of  this  acid  ; the  folution  alio 
depofits  cryftals. 

By  refrigeration,  but  much  better  by  eva- 
poration, regular  tetrahedrons  are  obtained  from 
ft.  This  folution  is  very  acrid,  reddens  the 
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blue  colours,  unites  with  the  earthy  bafes,  de- 
compofes  the  alkaline  fulphurets,  and  yields 
with  them  a yellow  precipitate,  in  which  the 
arfenic  approaches  the  metallic  ftate.  There  are 
even  fome  metals  which  a6i  upon  this  folution, 
and  which  tend  to  decompofe  the  acid,  fo  as  to 
form  a blackilh  precipitate,  which  approximates 
to  the  ftate  of  arfenic. 

7.  Between  this  and  the  other  acids  no  action 
takes  place,  except  one  of  a very  differentnature 
from  that  which  they  exert  upon  the  metals  ; boil- 
ing fulphuric  acid  diffolves  a fmall  quantity  of 
arfenious  acid,  which  is  precipitated  by  refri- 
geration ; nitric  acid,  without  diffolving*  it,  be- 
comes decompofed  with  the  aid  of  heat,  and 
converts  the  arfenious  into  arfenical  acid.  Ihe 
phofphoric  and  carbonic  acids  do  not  a6t  upon 
the  arfenious  acid  ; neverthelefs,  this  acid  en- 
ters into  a vitreous  combination  with  the  phol- 
phoric  and  boracic  acids.  Muriatic  acid  dif- 
folves it  with  the  aid  of  heat,  and  forms  a vo- 
latile combination  which  water  precipitates  ; the 
oxigenated  muriatic  acid  converts  it  into  arfe- 
nical acid. 

8.  The  arfenious  acid  combines  with  the 
earthy  and  alkaline  bales  ; the  firft  form  with  it 
arfeniates  that  have  little  folubility  ; hence  its 
folution  is  precipitated  by  thofe  of  barites, 
ftrontian,  and  lime.  The  fixed  alkalis  form 
denfe  arfeniates,  which  do  not  cryftallize,  which 
are  decompofable  by  fire,  of  which  caloric  vo- 
latilizes the  arfenious  acid,  and  from  which  all 

the 
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the  acids  precipitate  it  in  a pulverulent  form, 
Thefe  faline  combinations  were  formerly  termed 
libers  of  arfenic , as  they  were  compared  with 
the  compounds  of  fulphur  and  the  alkalis. 
The  earthy  and  alkaline  arfenites  have  as  yet 
been  but  little  examined.  What  is  known  of 
them  is  barely  fufficient  to  diftinguifh  them  from 
the  arfeniates,  or  the  compounds  refulting  from 
the  combination  of  the  arfenical  acid  with  the 
fame  bafes. 

9*  There  exifls  hill  another  fpecies  of  com- 
bination  between  the  arfenious  acid  and  the 
earths;  namely,  thofe  which  are  formed  in  em- 
ploying it  for  the  purpofe  of  vitrification. 
Though  a portion  of  this  volatile  acid  is  fub- 
limed  previous  to  the  fufion  of  the  glafs,  ano- 
ther part  remains  fixed  in  the  vitrified  fubftance, 
which  gives  it  tranfparency,  an  homogeneous 
denfity,  and  a confiderable  weight  : it  even 
appears  that  there  exifts  in  the  arfenicated 
glaffes  a kind  of  triple  fait  ; for  the  alkalis  and 
the  fand  enter  into  intimate  combination  at 
the  moment  of  fufion,  and  remain  intimately 
united. 

10.  If  we  except  the  nitrates  and  oxigenated 
muriates,  the  other  faits  have  but  little  action 
upon  the  arfenious  acid  ; it  exerts  none  upon 
the  fulphates,  the  muriates,  and  the  fluates  ; it  is 
only  with  the  affiftance  of  heat  that  it  decom- 
pofes  the  carbonates,  from  which  it  expels  the 
acid  with  effcrvefccnce,  in  order  to  unite  with 
their  bafes;  it  is  not  without  difficulty  that  it 
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expels  and  precipitates  the  acid  of  the  borates* 
It  is,  however,  to  be  remarked,  that  on  heating 
the  muriate  of  foda  with  the  arfenious  acid,  a 
portion  of  its  muriatic  acid  is  difengaged. 

11.  But  the  nitrates  and  the  fuper-oxigenated 
muriate  of  pot-afh  a6t  in  a very  remarkable 
manner  upon  the  arfenious  acid  ; it  decompofes 
the  hr  ft  in  fuch  a manner  as  to  difen  gage  from 
them  the  nitrous  acid,  or  nitrous  vapour,  which 
it  is  very  difficult  to  coerce,  as  Kunckel  had 
long  ago  obferved  ; it  abforbs  a part  of  its  ox* 
igen  ; it  palfes  into  the  ftate  of  arfenieal  acid, 
and  it  leaves  arfeniates  in  the  diftilling  veflels. 
The  fame  phenomenon  takes  place  when  we  de- 
tonate the  arfenious  acid  with  the  nitrates  ; for 
it  is  (till  fufficiently  combuftible  to  effect  a de- 
tonation, without  fparks  indeed,  but  with 
commotion  and  effiervefcence  ; and  real  arfe- 
niates remain  at  the  bottom  of  the  crucibles. 
It  was  in  this  manner  that  ehemifts  formerly 
prepared  fixed  arfenic,  which  is  the  acidu- 
lous arfeniate  of  pot-afh,  concerning  which  we 
fhall  treat  hereafter.  The  fuper-oxigenated 
muriate  of  pot-afh  alfo,  by  completely  burning 
the  arfenious  acid,  effects  its  converfion  into 
arfenieal  acid,  which  is  able,  with  the  aid  of 
fire,  to  decompoie  the  remaining  muriate  of 
pot-afh. 

12.  The  arfenious  acid  is  applied,  under  the 
name  of  arfenic,  or  white  arfenic,  to  a variety 
ofufes  in  the  arts;  it  is  employed  in  a great 
number  of  cafes,  in  which  it  is  reduced  and  acts 
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as  a metal,  as  Hiall  be  fhoAvn  hereafter.  Some 
phyficians  have  ventured  to  employ  this  terri- 
ble acid  as  a medicine,  and  affure  us  that  they 
have  found  it  very  efficacious  ; but  it  is  always 
much  more  to  be  dreaded  as  a poifon,  than 
efteemed  as  a remedy.  Waters  charged  with 
fulphurated  hidrogen  gas  are  amongft  the  heft 
counter-poifons  that  can  be  adminiftered  againfi 
the  effects  of  this  dangerous  fubftance.  The 
alkaline  fulphurets  diffolved  in  Abater,  prove 
very  fuccefsful,  immediately  after  a perfon 
has  been  poifoned  Avith  arfenic  ; bland  inlipid 
liquids,  milk,  fat,  oils,  are  fometimes  rather 
dangerous  than  falutary,  as  they  em^elop,  and 
in  lome  meafure,  fix  the  arfenious  acid  upon  the 
fiomach. 


Species  IL 
The  Arfenic  a l Acid. 

1.  Though  Macquer  firft  afeertained  the 
difference  between  the  combinations  of  this 
acid  and  thofe  of  the  preceding,  it  Avas  not  till 
the  year  1 775  that  Scheele  difeovered  the  arti- 
ficial formation  of  the  arfenical  acid,  by  diftilh 
ing  nitric  acid  upon  a muriatic  folution  of  ar- 
fenious acid,  which  he  believed' to  exift  in  the 
oxide  of  arfenic.  This  able  Swede  Avas  the  firft 
who  deferibed  the  remarkable  properties  of  this 
acid,  He  alfo  prepared  it  by  treating  the  ajs 
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fenious  acid  with  the  oxigenated  muriatic  ackh 

Cj 

Bergmanri  added  feveral  ufeful  facts  to  this  dif- 
covery.  The  pneumatic  theory  proved  to  the 
French  chemifts,  that,  during  this  converfioninto 
a more  powerful  acid,  the  arfenious  acid  abftrac- 
ted  oxigenfrom  the  nitre  or  the  nitric  acid,  and 
from  the  oxigenated  muriatic  acid.  Pelletier, 
on  examining  various  properties  of  this  acid, 
found  that  by  decompofing  the  nitrate  of  am- 
monia by  means  of  the  arfenious  acid,  and  af- 
terwards  applying  heat  till  the  ammonia  was 
di (engaged,  the  arfenical  acid  was  left  alone  and 
pure  at  the  bottom  of  the  diftilling  veffel. 

2.  The  arfenical  acid  is  prepared,  either  by 
diftilling  fix  parts  of  concentrated  nitric  acid 
from  the  arfenious  acid,  or  by  heating  c one  en- 
tinted  nitric  acid  upon  twice  its  weight  of  a 
muriatic  folution  of  arfenious  acid,  or  by  dif- 
folving  the  latter  in  liquid  oxigenated  muriatic 
acid,  or  by  receiving  this,  in  the  form  of  gas, 
into  a folution  of  arfenious  acid.  In  all  tliefe 
procefies  we  obtain  an  acid  which  does  not  cryf- 
tallize,  which  has  a dreadfully  acrid  and  cauftic 
metallic  tafte,  which  is  fixed  in  the  fire,  and 
can  fooner  be  fufed  into  glafs  than  volatilized  ; 
which  reddens  even  the  fyrups  of  violets,  and 
which  has  much  ftronger  attrapions  than  the 
arfenious  acid.  Its  fpecific  weight  is  3,  331. 

3.  When  we  heat  this  acid  in  a retort  or  a 
crucible,  it  melts  quietly  ; it  attacks  the  glafs 
of  the  retort  or  the  earth  of  the  crucible  ; it  re- 
mains tranfparent  and  pure  at  a very  high  tem- 
perature; 
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perature;  it  yields  a fmall  quantity  of  oxigen 
gas>  and  returns  in  part  to  the  ftate  of  arfenious 
acid:  bright  light  alfo  favours  this  difacidi- 
fication,  which  particularly  takes  place  when 
we  firongly  heat  this  powerful  and  cauftic  acid 
in  a tranfparent  veflel.  When  the  arfenical  acid 
contains  a fmall  quantity  of  arfenious  acid,  we 
feparate  the  latter  from  it  by  the  adtion  of  fire, 
as  is  done  with  the  lulphureous  and  nitrous  acids, 
when  united  with  the  fulphuric  and  nitric  acids* 

4.  Ex  pole  d to  the  air,  it  quickly  attradls 
humidity;  it  is  entirely  and  completely  deli- 
quefcent  ; it  ahforbs  alfo  two  thirds  of  its 
weight  of  atmofpherical  water,  a quantity  fuf- 
ficient  to  hold  it  in  folution. 

5.  When  the  arfenical  acid  is  heated  with 
combuftible  fuhftances,  of  whatever  kind  they 
may  be,  they  decompofc  it,  abfiradt  from  it  its 
oxio-en,  caufe  it  to  return  into  the  ftate  of 
arfenious  acid,  and  from  thence  into  that  of 
arfenic.  Alfo  hidrogen  gas,  received  into  a 
folution  of  this  acid,  polîefles  this  property  in  a 
fufficient  degree  to  precipitate  its  folution; 
ftill  more  decidedly  mult  this  effect  be  produced 
by  fulphurated  hidrogen  gas,  by  water  charged 
with  it,  and  by  the  alkaline  fulphurets.  Car- 
bone, phofphorus,  fulphur  and  mo  ft  of  the 
metals  produce  the  fame  effedt,  either  by  the 
aid  of  caloric,  or  even  by  Ample  contact,  as  is 
obferved  with  feveral  of  the  laft  mentioned  fib- 
fiances:  heated  with  carbon  in  a retort,  the 
arfenical  acid  inflames,  the  carbon,  and  pafies 
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into  the  metallic  ftate.  Sulphur  heated  with  the 
arfenical  acid,  puffs  up,  is  converted  partly  into 
iulphureous  acid  gas,  and  partly  fublimes  into 
red  fulphuret  of  arfenic;  heated  with  phofpho- 
ms,  it  converts  a portion  of  it  into  phofphoric 
acid;  and  having  become  arfenic,  it  unites  with 
another  portion  of  the  phofphorus,  with  which 
it  forms  phofphoret  of  arfenic,  which  fublimes, 
Aifenic,  or  the  metal  itfelf,  heated  with  arfenical 
acid,  deprives  it  of  a portion  of  its  oxigen; 
and  the  two  fubftanees,  united  reciprocally  in  an 
equilibrium  of  oxidation,  pafs  together  into 
the  common  and  uniform  ftate  of  arfenious  acid. 


6.  The  arfenical  acid  is  much  more  foluble 


in  water  than  the  arfenious  acid;  it  requires 
not  more  than  three  or  four  parts  water,  in  order 


to  become  well  diifolved  and  fluid  ; it  cannot 
by  any  means  be  cryftallized,  and  when  evapo- 
rated, it  allumes  a thick  confidence  like  that  of 


honey.  It  does  not  act  in  the  cold  upon  the 
oxides,  which  difeompofe  it  at  a high  tempera- 
ture; it  combines  with  various  metallic  oxides 

$ 

as  fhall  be  fhown  more  at  length  under  the  hub- 
fequent  articles. 

7.  None  of  the  acids  exert  any  adfion  upon 
the  arfenical  acid  : though  fbme  of  them  dilfolve 
it  by  means  of  their  water,  and  their  liquid 
ftate,  they  do  not  induce  any  alteration  in  it 
The  boracic  and  phofphoric  acids,  with  the  aid 
of  fire,  enter  with:  it  into  the  ftate  of  vitrifi- 
cation, but  without  mutually  chan  gin  o*  the 
nature  of  each  other.  The  phofolicreous  acid 

when 
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when  heated  for  fome  time  upon  arfemcal  acid, 
faturates  itfelf  with  oxigen,  and  becomes  phof~ 
phoric  acid. 

8.  The  arfenical  aeid  combines  with  all  the 
earthy  and  alkaline  bates*  forming  faits  very 
different  from  thofe  afforded  by  tne  arfenious 
acid.  All  the  earthy  and  alkaline  arfeniates  are 
decompofable  by  carbon,  which,  with  the  aid 
of  heat,  feparates  arfenic  from  them.  The  arfe- 
niate  of  barites  is  infoluble,  uncryftallizable, 
foluble  in  an  excefs  of  its  acid,  decompofable  by 
fulphuric  acid,  which  precipitates  fulphate  of 
barites  from  it.  The  arfeniate  of  ftrontian  is 
not  known,  but  it  is  certainly  analagous  to  that 
of  barites. 

g.  Poured  into  lime-water,  the  arfenious  acid 
forms  in  it  a precipitate  of  lime  foluble  in  an 
excefs  of  its  bale,  or  an  excefs  of  its  acid,  though 
it  be  infoluble  alone.  The  acidulous  arfeniate 
of  lime  yields,  by  evaporation,  fmall  cryftals 
that  are  decompofable  by  the  fulphuric  acid. 
The  fame  fait  is  formed  with  the  carbonate  of 
lime,  introduced  into  the  folution  of  arfenical  - 
acid.  This  acid  does  not  decompofe  the  nitrate 
and  muriate  of  lime,  but  the  faturated  alka- 
line arfeniates  decompofe  them  by  a double  at- 
traction, and  precipitate  from  them  infoluble 
calcareous  arfeniate. 

10.  When  we  faturate  the  arfenical  acid  with 
magnefia,  a thick  fubftance  is  formed  as  it  ap- 
proaches the  point  of  faturation.  This  mag- 
nefian  arfeniate  is  foluble  in  an  excefs  of  acid  ; 
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by  evaporation  it  all um es  the  form  of  a icily, 
without  cryfkillizing.  The  arfenical  acid  de- 
compotes  neither  the  fulphate,  nor  the  nitrate, 
nor  the  muriate  of  magnolia  ; this  decom peti- 
tion is  effected  only  by  the  hit  mated  alkaline 
a rfe  niâtes. 

1 1 . The  arfenical  acid  faturated  with  potath, 
does  not  cryftallize;  evaporated  to  drynefs,  the 
arfeniate  of  pot-afh  attrads  the  humidity  of  the 
atmofphere;  it  turns  the  fyrup  of  violets  green, 
but  does  not  alter  the  tindure  of  turnfole.  This 
fait  melts  into  a white  glafs;  the  contact  of  the 
fdex  and  alumine  of  the  crucible  over  a ftrong: 
fire,  caufes  it  to  pafs  into  the  acidulous  ftate, 
of  which  I ill  all  fpeak  immediately.  It  puffs  up 
violently  and  yields  well- fublinied  arfenic,  when 
heated  with  carbon  to  rednefs  in  clofe  veffels  ; 
it  is  deeompofed  by  the  fulphuric  acid,  which 
difengages  the  arfenical  acid  from  it  : this  de- 
composition is  not  perceptible  by  the  humid  way, 
becaufe  the  arfenical  acid  is  not  feparated  in  the 
folid  form,  but  remains  in  foiution  ; but  we  find 
fulphate  of  pot-afh  and  the  laft-mentioned  acid 
in  the  mother  water,  on  evaporating  the  liquid» 
The  arfeniate  of  pot-afh  decompofesthe  faits  that 
have  lime  and  magnefiafor  their bafes,  and  forms 
precipitates  of  calcareous  or  magnefian  arfeniate, 
in  their  folutions. 

12.  If  we  add  arfenical  acid  to  the  preceding 
fait,  till  it  no  longer  alters  the  colour  of  violets, 
it  ftill  îeddens  that  of  turnfole  j it  yields  very  ré- 
gulai and  tranfparent  cryflals  in  quadrangular 
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prifms,  terminated  by  two  tetrahedral  pyramids, 
the  angles  of  which  anfwer  to  thole  of  the 
prifms:  this  is  the  neutral  arfenical  fait  ot 
Macquer.  it  is  this  fait  which  is  obtained  by 
de  com  poling  the  nitrate  of  potafli  with  the  ai- 
fen i ous  acid  in  equal  parts;  in  order  to  diftin- 
guifli  it  from  the  preceding,  it  ought  to  be 
termed  the  acidulous  arleniate  of  potafli,  lh 
differs  from  the  other  not  only  by  its  cryftalliza- 
bility,  but  alfo  by  the  circumftances,  that  it  does 
not  decompofe  the  calcareous  and  magnefian 
laits,  as  that  does;  that  it  reddens  the  blue  co- 
lours, and  that  it  is  capable  of  abforbing  a new- 
portion  of  potafli,  fo  as  to  pafs  into  the  neutral 
hate.  Thefe  two  hilts,  like  all  the  following, 
are  decompofed  by  barites,  ftrontian,  lime  and 


magneha. 

1 3.  The  arfenical  acid,  combined  with  foda  to 
1 at  u rati  on,  forms  a fait  which  cryftallizes  like 
the  preceding:  Scheele  already  compared  this 
fait  with  the  acidulous  arleniate  of  pot-afh. 
Pelletier  la\  s,  that  the  arleniate  of  foda  cryf- 
tallizes in  hexahedral  prifms,  terminated  by 
planes  perpendicular  to  their  axes.  For  the 
reft,  the  habitudes  of  this  fait  are  the  fame  as 
thole  of  the  arfeniate  of  potafli,  in  its  decompo- 
iition  by  carbon,  the  acids,  and  the  earths. 
Scheele  remarks,  that  if  we  add  arfenical  acid 
to  it,  inftead  of  cryftallizing,  it  becomes  de- 
liquefcent:  this  is  a property  diametrically 
oppofite  to  that  which  obtains  in  the  arfeniate  of 
pot-alli. 


14.  Com- 
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1 4.  Combined  with  ammonia,  the  arfenica! 
acid  torms  a fait  which  yields  rhomboidal  maffes 
analogous  to  the  cryftals  of  nitrate  of  foda. 
the  arfeniate  of  ammonia,  which  is  alfo  the 


product  of  the  nitrate  of  ammonia  decompofed 
by  the  arfenious  acid,  is  decompofable  in  two 
different  wavs  by  the  adtion  of  caloric.  If  we 


heat  it  gently,  the  ammonia  is  difengaged,  and 
the  arferdcal  acid  is  left  in  a pure  ftate.  If  we 
expofe  it  to  a ftrong  and  brifk  fire,  part  of  the 
volatile  alkali  and  of  the  acid  mutually  decom- 
pole  each  other;  water  is  formed,  azote  gas  is 
difengaged,  and  arfenic  is  fublimed  of  a brilliant 


appearance.  Barites,  ftrontian,  lime,  the  two 
alkalis,  decoinpofe  the  arfeniate  of  ammonia, 
and  feize  upon  its  acid.  Magnefia  decornpofes 
it  in  part,  and  forms  a triple  fait  with  a portion 
of  this  fait. 

1 5.  The  arfenical  acid  faturated  with  alumine, 
forms  a thick  folution,  which,  evaporated  to 
dry  nefs,  yields  a fait  info!  uble  in  water,  and 
decompofable  by  the  fulphuric,  nitric,  and 
muriatic  acids,  as  well  as  by  all  the  earthy  and 
alkaline  bafes.  The  arfenical  acid  alfo  precipi- 
tates none  of  the  aluminous  faits  formed  with 
thefe  acids.  The  arfenical  acid,  by  its  fufion^ 
eafily  diffolves  the  alumine  of  the  crucibles; 
it  alfo  attacks  fdex  ; but  it  effedts  no  altera- 
tion in  thefe  fubftances  by  the  humid  way.  The 
combination  of  this  acid  with  zircone  is  not 
known. 


1 6,  With 


J 


îî6  ARSENICAL  ACID» 

1(5.  With  the  aid  of  a drong  heat,  the  a r fer- 
ine al  acid  decompofes  the  alkaline  and  earthy 
fulphates,  even  the  fulphate  of  barites  ; the  fui- 
phuric  acid  is  difengaged  in  the  ftate  of  vapour, 
and  arfeniates  remain  in  the  retort;  it  acts  in 
the  fame  manner  upon  the  nitrates,  from  which 
it  difengages  the  pure  acid  ; at  a high  tempera- 
ture, it  alfo  decompofes  the  muriates,  difengag- 
ing  the  muriatic  acid  in  the  form  of  gas  ; it 
unites  with  their  hafes,  which  it  faturates  : 
this  cannot  be  done  by  the  arfenious  acid, 
for  it  is  too  volatile  to  produce  fuch  an  effedh 
It  acts  in  the  fame  manner  upon  the  fluates, 
and  with  much  greater  facility  upon  the  car- 
bonates, with  which,  by  heat,  it  produces  a 
lively  effcrvefcence.  It  exerts  no  aéiion  upon 
the  phofphatcs,  and  it  precipitates  the  boracic 
acid  from  hot  folutions  of  the  borates. 

17.  The  proportions  of  the  principles  of  the 
arfenical  acid  are  hitherto  unknown  pits  refpec- 
tive  quantities  of  arfenic  and  oxigen  have  not 
yet  been  afeertained,  no  more  than  thofe  which 
compofe  the  arfenious  acid.  However,  there 
is  every  reafori  to  believe,  that  the  firft  contains 
oxigen  in  the  proportion  of  at  lead  a fixth  part 
of  its  weight,  whilft  the  arfenious  acid  perhaps 
does  not  contain  more  than  a twelfth: 

18.  The  arfenical  acid  is  not  yet  applied 
to  anv  ufe  in  the  arts,  at  lead,  not  in  a direct 
manner  : we  diall  fee  hereafter  that  it  forms  an 
ingredient  in  certain  compofitions  for  dyeing; 
it  is  alfo  one  of  the  mineralizing  acids  which 

nature 
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nature  has  combined  with  fome  metallic  oxides. 
It  is  prepared  in  chemiftry  for  the  purpofes  of 
experiments  and  demonftrations  belonging  to 
this  fcience.  When  its  nature  ft  all  have  been 
better  ftudied,  it  will,  very  probably  become  of 
great  utility  in  manufactures. 


Article  Ills 

Concerning  Tungflen  and  its  Acid . 

Section  I. 

Concerning  the  Metal  Tun  g ft  au 

À.  Hljlory . 

1.  THOUGH  Scheele  was  the  frit:  chemift 
who  difeovered  and  announced  the  metallic,  na- 
ture of  tungflen,  (a  name  at  firft  given  to  a white, 
very  tranfparent  mineral,  which  contains  the 
acidified  metal  united  to  lime,  and  which  name 
was  afterwards  transferred  to  the  meted  itfelf  :) 
though  Bergmann  in  the  fame  year  1781,  con- 
firmed the  difeovery  of  Scheele  ; yet,  we  muft  re- 
fer our  firft  knowledge  of  its  metallic  properties  to 
Mefirs.  D‘Elhuyar,  Spanift  chemifts,  who  hav- 
ing difeovered  the  fame  metal  in  the  mineral 
called  wolfram,  obtained  it  fufficiently  reduced 
to  exhibit  feveral  of  its  charaders.  Since  their 
finie,  Mr.  Angulo  has  repeated  their  experi- 
ments, 


men  Is  j and  obtained  the  famé  refaits  at  Dijon 
in  the  laboratory  of  the  academy. 


B.  Phyfical  Properties* 

2.  The  metal  hitherto  obtained,  or  tifngften, 
had  the  form  of  a button  compofed  of  very 
brittle  final!  globules  of  the  grey  colour  of  heel  ; 
its  fpecific  gravity,  17,6:  fo  that  it  has  a den- 
fity  intermediate  between  gold  and  mercury. 
It  is  fo  difficult  of  fufion,  that  it  even  exceeds 
manganefe  in  this  intractability,  and  come- 
quently  it  is,  with  platma,  one  of  the  molt  m- 
fufible  of  metals.  Citizen  Guyton  has  given 
it  the  fifth  rank  for  its  hardnefs  ; he  places  it 
with  zinc  as  to  brittlenefs,  and  confequently, 
according  to  his  ftatement  it  is  lets  brittle  than 
bifmuth. 

C.  Natural  Ilijlory. 

» 

3.  It  has  not  yet  been  found  native,  nor 
alloyed,  nor  ' combined  with  combuftibles,  nor 
united  with  acids  ; it  has  only  been  found  in  the 
acid  hate  combined  with  lime,  with  iron  and 
manganefe,  and  with  lead. 

4.  The  fir  ft  of  thefe  combinations  is  the 
tu lighten  of  the  Swedes  ; the  fécond  is  named 

c*) 

wolfram  ; and  the  third,  the  yellow  ore  of  lead. 
It  is  more  natural  to  fpcak  at  fome  length 
refpedling  the  hiftory  of  the  tungftic  acid  itfelf, 
which  is  much  more  advanced  than  that  of  the 

metal 
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metal  which  compofes  its  radical  ; and  alfo  its 
combination  with  iron  and  lead. 

D.  Assay  and  Metallurgy  of  the  Ores  of  Tung  fen, 

5.  The  allay  of  thefe  ores  is  made  Ids  with  a 
view  to  feparate  the  metal  than  to  prove  the 
prefence  of  its  acid,  becaufe  the  intention  of  the 
operator  is  rather  to  obtain  the  acid  than  the 
metal.  It  is  ufual,  therefore,  to  treat  the  metal 
iuppofed  to  contain  native  tungftate  of  lime  with 
the  nitric  and  muriatic  acid;  thefe  acids,  when 
heated  to  a certain  degree  upon  this  fubftance, 
convert  it  to  a yellow  colour,  if  it  contain  the 
tungftic  acid;  and  it  is  to  this  Ample  operation, 
which  in  truth,  is  nothing  more  than  its  min  era- 
logical  character  that  the  allay  of  this  ore  is 
confined. 

6.  No  métallurgie  works  have  yet  been  car- 
ried on  with  the  ores  of  tungftem  Though 
fome  of  them  have  been  found  already  in  fufii- 
cient  abundance,  no  procefs  has  as  yet  been 

* «y 

undertaken,  neither  in  the  art  of  extracting  the 
metal  in  the  large  way,  which  would  prove  ex- 
tremely difficult  on  account  of  its  infolubiiity, 
nor  on  that  of  preparing  or  ex  trading  any  ufe- 
ful  matter  from  it. 

t 

7-  In  order  to  obtain  the  metal  in  the  che- 
mical laboratories,  which  has  not  yet  been 
performed,  hut  on  a very  final  1 fcale,  the 
tungftic  acid  is  feparated  from  the  ores  by  the 
procefs  deferibed  in  the  next  paragraph,  then 

mixed 
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mixed  with  charcoal,  and  urged  by  beat  in  a char  - 
coal  crucible.  Avery  ftrong  beat  is  required 
for  its  reduction  and  fufion  ; accordingly,  this 
has  been  effeôled  only  in  very  filial]  quantities. 


E.  Oxid ability  by  the  Air. 

9.  The  chemifts  who  have  hitherto  fpoken  of 
the  tungften  metal,  agree  in  eonfidering  it  as 
very  eafy  to  be  oxided.  It  is  not  known,  how- 
ever, w hether  it  burns  v hen  expofed  to  the  air  ; 
but  when  heated  with  the  contact,  ot  that  fluid, 
it  appears  to  change  very  fpeeddy  into  a yel- 
low oxide,  which  becomes  blueifh  by  aftiongei 
heat,  tinges  vitreous  fluxes  white,  or  blue, 
and  fpeedily  paffes  to  the  ftate  of  tungftic  acid 
by  a more  advanced  oxidation.  The  propoi- 
tion  of  oxigen  which  it  abforbs  before  it  becomes 
oxided  or  acidified,  has  not  been  determined. 
Citizen  Guyton  found  that  its  ox  me  adiieies 
rongly  tcrvegetable  colours,  and  fixes  them. 


F.  Union  with  CombvJUbles. 

9.  It  is  abfolutely  unknown!  whether  there 
be  any  poffible  combinations  between  azote, 
hidrogen,  carbon,  and  the  metallic  tungften. 
Neither  are  thofe  combinations  better  known, 
which,  doubt  lets,  it  is  capable  of  forming  with 
phofphoms  and  fulpbur.  The  fin  all  quantities 
hitherto  obtained,  have  not  admitted  of  trials 
being  made,  except  with  a few  of  its  metallic 

alloys, 
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alloys,  bee  ante  this  kind  of  attraction  has 
afforded  a more  eafy  means  of  its  reduction. 
It  is  known,  that  when  united  with  iron  and 
with  (ilver,  with  which  it  eafily  combines,  it 
changed  their  properties  in  a very  fingular 
manner. 

t 

i 


G„  ACtlon  upon  Water  and  the  Oxides, 


10.  Nothing  has  yet  been  done  to  afeer* 
tain  the  changes  which  water  and  the  various 
oxides  might  be  capable  of  bytungften.  No- 
thing, therefore,  can  yet  be  affirmed.  in  this 
refpeCc  to  characterize  this  new  metal  fo  little 


known,  which  has  hitherto  been  obtained  in  a 


very  fmall  quantity  : its  eafy  oxidability,  and 
its  great  tendency  to  become  acidified,  (how, 
that  it  would  feize  oxigen  from  feveral  other 
oxides. 


H,  /x  Cion  upon  the.  Acids . 

11.  The  fir  ft,  and  the  only  allays  which 
have  yet  been  made  upon  the  mutual  aéiion  of 
tu  no;  ft  en  and  the  acids,  and  which  are  few, 
as  well  as  moft  of  what  has  been  done  refpeCting* 
this  metal  by  Mcürs.  D^Elhuyar,  (how  that 
this  metal  is  inloiuble,  and  aim  oft  intractable 
by  the  three  moft  powerful  acids,  the  fulphuric, 
nitric,  and  muriatic;  and  that  it  is  only  (lightly 
attacked  by  the  pitro-muriatic  acid. 


1&.  If 
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12.  If  this  Angular  refinance  to  the  ftrongeft 
or  in  oft  decom potable  acids  were  well  founded 
with  regard  to  tungften,  it  would  il  sow  a re- 
femblance  to  gold  and  platina.  Neverthelefs, 
I muft  obferve,  that  this  unchangeablenefs  does 
not  agree  with  what  the  fame  chemifts  have 
affirmed  refpeciing  the  oxidability  of  this  metal 
by  the  air,  affifted  by  caloric,  and  confequently, 
that  it  deferves  to  be  confirmed  and  eftablifhed 
by  new  experiments.  N othing  has  yet  been 
obferved  refpefiting  the  action  of  the  oxigenated 
muriatic  acid,  which  adls  on  the  mo  ft  ohftinate 
metals,  and  ought  by  eafdy  oxiding  this  metal 
to  convert  it  into  tunoffiic  acid. 

I.  A&ion  on  the  Bafes  and  the  Salts , 

13.  Metallic  tungften  has  not  yet  been 
treated  by  the  earthy  and  alkaline  bafes,  nor 
by  the  faits  ; we  may,  neverthelefs,  conclude 
from  the  adtion  of  nitric  acid,  if  not  upon  thç 
metal,  at  leaft,  upon  its  firft  oxide,  which  it 
fpeedily  acidifies,  that  the  nitrates  and  the 
fuper-oxigenated  muriates,  affifted  by  an  ele- 
vated temperature,  would  caufe  it  to  pafs  to  the 
ftate  of  acid  ; and  that  performed,  would  afford 
tungfiates  as  the  refaits  of  this  aétiom 

O 
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1 t.  Nothing  has  yet  been  obfcrved  refpecting 
the  ufes  ot  a metal  fo  little  known  or  ex- 
amined as  tungften.  No  trial  has  yet  been 
made  with  regard  to  its  ufeful  properties. 
We  may  even  tear,  that  its  reduction  and  fufion 
being  fo  difficult,  would  render  it  fo  intractable 
as  not  to  lie  ufed  but  with  great  difficulty. 

Neverthelefs,  it  is  proper  that  we  ffiould 
indulge  in  the  hope  that  the  arts  being  at  foine 
future  period  directed  to  this  metal  ftill  fo  new, 
and  of  which  nature  offers  fo  abundant  a quan- 
tity in  the  ore  called  wolfram,  may  difcover 
procédés  of  greater  fimplicity  than  thofe  we  yet 
poffefs  to  obtain  the  metal  in  the  large  way: 
and  we  may  indulge  an  expectation  at  the  fame 
time,  that  this  metallic  fubftance  may  become 
very  ufeful  in  many  operative  procédés.  This 
eonclufion  very  naturally  prefents  itfelf  from 
the  few  properties  already  difcovered  in  tung- 
ften, namely,  its  coiffiderable  hardnefs,  its  par- 
tial ductility,  in  which  it  approaches  to  zinc, 
its  infufibility,  even  its  unchangeablenefs  by 
acids,  and  the  property  of  its  oxide  to  unite 
with  vegetable  colouring  matters,  to  render 
them  fixed  and  not  liable  to  change.  Chemifts 
ought,  therefore,  to  redouble  their  efforts  in  the 
examination  of  this  metal,  of  which  the  hiftory 
mu  ft  be  confidered  as  fcarcely  brought  to  an 

out- 
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outline.  We  -ft all  find,  that  the  acid  has  been 
much  more  attentively  examined. 


Section  II. 

Concerning  the  Tungftic  Acid. 

1.  AS  Sclieele  and  Bergman  n,  in  their  exami- 
nation in  1 78 1 of  the  heavy  ftone  or  tungften 
of  the  Swedes,  difcovered  that  it  is  compoieci  ol 
lime,  faturated  with  a peculiar  acid:  as  their  dii- 
covery  has  fince  been  confirmed  by  various  cher 
mills,  and  particularly  much  extended  by  the 
refearches  of  Meflrs.  D'Elhuyer,  which  by  fhow- 
ing  the  prefence  of  this  acid  in  wolfram,  has 
afforded  means  to  chemifts  of  procuring  it 
more  abundantly  ; it  is  not  aftoniihing,  that 
the  properties  of  the  acidified  tungften  ihould 
have  been  much  more  ftudied  than  the  me- 
tallic tungften,  and  that  we  ihould  poftefs  a 
greater  mafs  of  knowledge  refp  ceding  the  one 
than  the  other. 

2.  It  was  very  natural  to  defignate  this  acid 
by  the  name  of  tungftic,  after  the  Swedifh  word, 
which  reprefents  its  native  combination  with 
lime.  In  the  French  nomenclature  the  G is  ex- 
punged from  the  word,  to  render  the  pronun- 
ciation more  foft  and  eafy. 

3.  This  acid  is  not  artificially  compofed,  be- 
paufe  nature  prefents  it  in  the  tungftate  of  lime 
and  of  iron.  The  firft  is  treated  by  reducing  it 
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tb  very  fine  powder,  dilfolving  the  lime  by  the 
nitric  or  muriatic  acid,  and  afterwards  with  ah 
kalis,  which  difiblve  the  acid  : the  alkaline  {blu- 


tions of  the  tungftates  are  precipitated  by  the 
nitric  or  muriatic  acid;  and  this  precipitate  is 
the  folid  tungftic  acid  which  is  kept  to  be  formed 
into  new  combinations.  It  mav  be  extracted 
from  the  native  tungftate  of  lime,  in  the  quantity 
of  0,  6$. 

4.  The  tungftic  acid  may  alfo  be  obtained  from 
the  tungftate  of  lime  by  another  procefs,  for 
which  we  are  indebted  to  Scheele,  as  well  as  for 
the  foregoing.  It  eonfifts  in  fuftng  in  a crucible, 
one  part  of  tungftate  of  lime  with  four  parts  of 
carbonate  of  pot-afti  : the  latter  unites  with  the 
tungftic  acid,  while  the  carbonic  acid  feizes  the 
lime;  fo  that  the  product  of  this  fufion  is  a 


mixture  of  tungftate  of  pot-afti  which  is  foluhley 
and  of  carbonate  of  lime.  This  mafs  is  lixi- 
viated with  twelve  parts  of  boiling  water,  and 
upon  the  fokition  nitric  acid  is  poured,  and  the 
precipitated  acid  is  afterwards  well  readied. 
The  refid ue  of  the  aqueous  folution  contains 
carbonate  of  pot-afh  and  tungftate  of  lime,  not 
yet  decompofed.  The  former  is  feparated  by 
nitric  acid,  and  the  undifiblvcd  portion  is  again 
treated  with  four  parts  of  carbonate  of  pot-afti. 
In  this  manner  an  exact  analyfis  of  native  tung- 
ftate of  lime  may  be  made. 

5.  In  order  to  extract  the  tunftic  acid  from 
the  tungftate  of  lime  and  native  manganefe,  this 
ore  is  mixed  in  powder  with  two  or  three  times 
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its  weight  of  nitrate  of  pot-afli.  This  mixture 
is  detonated  by  projecting  it,  a fpoonful  at  a 
time,  into  an  ignited  crucible,  or  by  heating  it 
in  a veffel  fufficiently  large  to  prevent  its  boil- 
ing over.  When  the  detonation  is  finithed,  the 
matter  is  lixiviated  in  diftilled  water,  which  dif- 
folves  the  tungftate  of  pot-aih  thus  tonned,  and 
from  this  folution  the  tungftic  acid  is  precipitated 
in  the  form  of  a white  powder,  by  an  excefs  of 
muriatic  acid,  and  this  powder  mu  ft  be  wathed 
with  water  till  tbe  fluid  comes  oft  tab  clefs. 
The  latter  preparation  is  rather  more  difficult, 
and  frequently  affords  an  acid  rather  Icls  pine, 
than  the  former;  but  by  treating  it  with  the 
muriatic  acid,  it  may  be  deprived  of  all  its 
manganefe  and  iron,  and  reciuced  to  a \eiy 
white  and  pure  itate.  I he  aoundance  of  tung- 
ftate of  iron  in  France,  where  the  tungftate  of 
lime  has  not  yet  been  found,  muft  engage  the 
French  cliemifts  to  bring  thefe  procefles  for  ex- 
tra et  in  u the  tungftic  acid  to  perfection.  It  con- 
tains  it  in  the  proportion  of  0,64. 

6.  The  tungftic  acid  thus  prepared,  has  the 
form  of  a white  powder,  of  a fliarp  metallic  and 
weakly  acid  tafte.  Its  fpecific  gravity  indicated 
by  Bergmann,  is  3,  600.  It  reddens  the  tincture 

of  turnfole. 

7.  When  heated  by  the  blow-pipe,  the  tungftic 
acid  fnft  becomes  yellow,  then  brown,  and  at 
latt  black.  It  emits  no  fumes,  nor  does  it  ex- 
hibit any  fign  of  fufion.  When  it  is  calcined 

for 
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for  a time  in  a crucible,  it  lofes  its  quality  of 
being  diffolved  in  water. 

8.  It  undergoes  no  perceptible  change  in  the 
air.  It  is  foluble  in  twenty  parts  of  boiling* 
water,  and  a portion  feparates  by  cooling.  This 
folution  is  four  and  reddens  the  tincture  of 
turnfole. 

9-  When  heated  with  charcoal  it  paifes  again, 
though  with  difficulty,  to  the  metallic  hate: 
with  fulphur  it  becomes  grey,  without  reduction, 
as  is  alfo  the  cafe  with  phofphoms.  It  preci- 
pitates the  alkaline  fulphurets  of  a green  colour. 
It  appears  to  be  decompofable  by  various  metals; 
for  if  a fmall  quantity  of  muriatic  acid  be  added 
to  its  folution  in  water,  and  a few  drops  be  laid 
upon  a poli  Hied  plate  of  zinc,  tin,  or  iron,  it 
leaves  a blue  fpot.  The  fame  blue  colour  is 
manifefted  when  thofe  metals  are  plunged  in 
its  folution. 

10.  The  acids  do  not  diffolve  the  white  and 
pulverulent  tungltic  acid,  but  they  alter  its  pro- 
perties in  a remarkable  manner,  which  is  not 
yet  well  underftood.  The  boiling  fulphuric 
acid  renders  it  blue,  in  which  property  it  re- 
fembles  the  molybdic  acid  ; the  nitric  and  mu- 
riatic acids  caufe  it  to  allume  a line  yellow  co- 
lour. In  this  lad  date  the  tungdic  acid,  accord- 
ing to  the  obfervation  of  Melfrs.  D’Elhuyar, 
lofes  its  tafte,  its  folubility,  and  acquires,  with 
a much  greater  fpecidc  gravity,  the  property  of 
forming  with  the  bafes,  faits,  which  are  different 

from 
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from  thofe  of  the  white  acid.  The  Spanish 
ehemiits  were  of  opinion,  that  the  white  acid 
before  defcribed,  is  a triple  acidulous  fait,  and 
that  the  yellow  is  the  pure  tungftic  acid.  But 
there  is  one  obfervation  which  proves,  that  in 
this  yellow  ffcate  it  has  loft  its  four  tafie,  con- 
trary to  the  fir  ft  affection,  which  is  not  in 
other  refpects  fupported  by  fufficieiit  experi- 
mental proofs.  The  yellow  colour  which  the 
tunoftic  acid  affames  with  the  nitric  and  mu- 
riatic  acids,  is  one  of  its  moil  evident  fpecific 
characters. 


11.  The  tungftic  acid,  forms  with  barites  an 
infallible  fait,  as  well  as  with  magnefia.  When 
its  folution  is  thrown  into  lime-water  it  affords 
a precipitate  of  tungftate  of  lime,  fimilar  to 
that  found  in  the  native  ftate,  and  as  infolu- 
ble.  With  pot-afh  a fait  is  obtained  which 
affords  very  final!  eryftals  ; tungftate  of  foda 
has  not  yet  been  defcribed  or  announced. 
When  faturated  with  ammonia  the  tungftic  acid 
forms  a fait  which  cryftallizes  in  very  fmall 
needles,  from  which  the  volatile  alkali  efcapes 
by  the  adfion  of  fire.  It  changes  into  a dry 
yellowifh  powder;  the  ammoniacal  tungftate  de- 
compofes  the  nitrate,  and  the  muriate  of  lime, 
and  precipitates  them  in  the  form  of  infoluble 
tungftate  of  lime.  Its  combinations  with  alu» 
mine  and  zircone  have  not  yet  been  examined. 

IS.  The  tungftic  acid  does  not  precipitate  or 
decompofe  the  laits,  but  by  double  elective 
attraélion.  The  folutions  of  the  alkaline  tung- 
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dates  form  in  this  manner  precipitates  of 
earthy  tungflates  in  the  folutions  of  the  fill- 
'.pliâtes,  nitrates,  and  muriates  of  lime,  alumine, 
magnefia,  and  barites.  It  melts  with  the  phof* 
phates  and  borates,  to  which  it  gives  a white 
or  a green  colour. 

13.  It  does  not  a6t  as  a folvent  on  the  me- 
tals; neverthelels  it  oxides  iron,  by  giving  out 
its  oxigen,  and  becoming  blue. 

14.  It  is  not  yet  of  any  ufe.  Citizen  Guy- 
ton has  already  propofed  means  of  rendering  it 
ufeful  by  uniting  it  to  vegetable  colouring 
matters,  which  it  has  the  property  of  fixing 
and  rendering  folid.  We  fliall  again  treat  of 
this  property o 


Article  IV. 

Concerning  Molybdena  and  its  Acids, 

\ 

Section  I. 

' Concerning  the  Metal  Molybdena . 

t 

A.  liijlory. 

1.  THE  name  of  molybdena  which  was  for- 
merly fynonymous  with  that  of  plumbago  or 
black  lead,  or  the  natural  combination  of 
iron  and  charcoal,  or  carburet  of  iron,  elfe* 
Vol,  V,  IC  where 
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where  to  be  treated  of,  is  at  prefent  given  to  a 
brittle  and  acidifiable  metal  of  which  the  ore 
was  confounded  with  that  coaly  fub  fiance. 
Though  Pott,  Quiff,  and  fome  other  ehemifts, 
originally  pointed  out  fome  differences  in  the 
properties  of  the  ore  of  molybdena,  and  the 
carburet  of  iron,  moft  natural  ills  had  not  fuffici- 
ently  diftinguiflied  thefe  two  fubftances.  Many 
confidered  them  as  one  and  the  fame  fub fiance, 
and  they  were  fold  under  the  fame  denomina- 
tion till  Scheele,  in  1778,  publifhed  in  the 
volumes  of  the  Stockholm  academy  a memoir 
in  which  he  ihowed  that  the  fubftance  called 
molybdena  is  very  different  from  the  carburet 
of  iron,  and  contains  a combination  of  fulphur,. 
with  a fubftance' which  he  took  for  a peculiar 
acid.  Pelletier  fince  repeated  all  his  experi- 
ments, and  added  many  others,  in  a memoir 
publifhed  in  the  Journal  de  Phyfique  1789,  in 
which  he  proves  that  the  molybdena  of  the 
mineralogifls  is  a combination  of  a peculiar  Me- 
tal and  fulphur,  and  that  by  treating  it  in 
feveral  different  methods,  all  of  which  feparate 
the  fulphur  and  oxigenate  the  metal,  Scheele 
had  formed  and  not  obtained  the  acid.  At  the 
fame  time  he  not  only  confirmed  the  difcoveries 
of  Scheele  refpe cling  the  molybdic  acid,  but 
he  pointed  out  many  of  its  properties  which 
had  efcaped  the  Swedifh  chemifi.  Since  thefe 
experiments  which  have  been  admitted  and 
verified  by  all  chemifis  the  metal  has  been 
named  molybdena  : in  the  methodical  nomen- 
clature 
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cl  at  tire  its  ore  is  called  fulphuret  of  molyb- 
dena,  and  its  acid,  the  molybdic  acid. 


f , . ! , 

B.  Phyjlcal  Properties < 


2.  The  metal  molybdena  is  extremely  rare,, 
and  very  difficult  to  be  obtained.  As  in  fe^ 
parating  the  fulphur  from  its  ore  it  oxides, 
and  very  eafily  becomes  acidified,  it  is  neceflary 
afterwards  to  decompofe  its  acid,  and  deprive 
the  metal  of  its  oxigen.  Scheele  when  he 
made  this  experiment  with  great  care  ufing 
various  folvents,  never  could  fucceed  in  obtain» 
ing  it  in  the  metallic  fiate,  the  refults  of  his 
operations  having  been  only  ablack  powder  with- 
out coherence,  and  without  brilliancy.  Berg» 
mann  in  1781.  in  his  differtation  on  the  metallic 
acids  announced  and  wrote  the  fame  year  to 
Citizen  Guyton,  that  DoCtor  Hielm,  formerly 
his  pupil  had  fucceeded  in  reducing  this  acid, 
and  collecting  a fufficient  quantity  of  metallic 


molybdena  to  afcertain  it's  true  character;  but 
fin  ce  this  notice  nothing  has  been  publiflied, 
neither  on  the  pfocefs  of  Hielm,  nor  the  me- 
tal obtained  by  his  experiments.  Pelletier,  in 
his  experiments  on  the  reduction  of  the  oxides 
and  acid  of  molybdena  did  not  obtain  a me- 
tallic bottom,  but  an  agglutinated,  blackiffi, 
friable  'mais,  pofleffingthe  metallic  brilliancy, 
in  the  fraCture  of  which  fmall  round  brilliant 
greyifli  grains  are  difcernable;  this  metal  ap- 
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pears  to  be  extremely  infuhble  ; its  ipecbic  gra- 
vity is  about  6,000. 


CL  A7  attirai  Hifiovij, 

3.  Molybdena  has  not  yet  been  touncl 
except  in  the  ftate  of  lulphuret  and  that  oi  acid. 
As  in  this  latter  ftate  it  is  found  in  the  form  of 
faits  combined  with  the  metallic  oxides,  it  mult 
be  treated  under  thofe  metals  with  the  oxides  oi 

which  it  is  found  combined. 

4.  The  fulphuret  of  molybdena,  which  has 
long  been  confounded,  as  before  noticed,  with 
the  carburet  of  iron,  differs  nevertheleis  fiorn 
it  in  many  refpeofs.  It  is  lets  greafy  to  the 
touch,  more  hard,  lefs  granulated,  moie  biil- 
liant,  lefs  dull,  and  confid'erably  more  in- 
clining to  blue.  As  it  is  formed  of  Luge  fcal}- 
plates,  lying  one  upon  another,  with  lithe 
adhefion,  which  may  be  feparated  from  each 
other,  or  even  cut  with  a knife,  it  foils  the 
fingers  lefs  than  the  carburet  of  iron,  and  leases 
upon  paper  bkteifh,  or  fil very-grey  traces,  lefs 
deep  and  coloured  than  thofe  of  plumbago.  It 
is  difficult  to  pulverize  on  account  of  the  elas- 
ticity of  its  plates.  Scheele  fucceeded  in  tins 
operation  by  adding  cryfiallized  fulphafee  of 
pot-alh  to  it  in  the  mortar,  which  he  after- 
wards w allied  off  ; its  powder  is  blucifh.  Citi- 
zen Haviy  adds  to  its  diftinâive  charaéfers  the 
following  properties  : the  fulphuret  of  molyb- 
dena" communicates  to  refin  the  vitreous  elec- 
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tricity  by  friélion,  whereas  the  carburet  of  iron 
communicates  none,  at  leaft,  when  its  metallic 
mark  is  left.  It  forms  on  pottery  ftrokes  of  a yel- 
lowifh  green,  whereas  thofe  from  the  carburet  of 
iron  have  its  ordinary  colour.  M.  Kir  wan  efti- 
mates  that  the  proportions  of  the  component  parts 
of  fulphuret  of  molybdena  are  0,55  of  fill- 
phur,  and  0,45  of  metal. 

5.  As  chenlifts  have  examined  the  fulphuret 
of  molybdena  much  more  than  the  metal  itfelf, 
I am  obliged  in  each  of  the  following  numbers 
to  point  out  the  few  notions  I have  been  able  to 
collect  refpecting  molybdena,  and  the  alterations 
which  its  fulphuret  undergoes  by  each  agent, 
For  want  of  information  refpeéting  the  metal, 
I fhall,  in  a certain  manner,  fill  the  vacancies  of 
its  hiftory  by  announcing  the  properties  of  ful- 
phuret of  molybdena  ; and  I fhall  obferve  in 
this  refpect  that,  by  feparating  the  effects  mani- 
feftly  due  to  the  fulphur  of  which  I fhall  fpeak, 
the  others  are  really  phenomena,  owing  to  the 
metal  itfelf. 


D.  JJfay  and  Metallurgy , 

6.  The  fulphuret  of  molybdena  may  be  diff 
tinguilhed  manifefUy,  and  without  error,  after 
having  ascertained  the  phylical  properties  before 
defcribed,  together  with  that  when  treated  by 
the  blow-pipe,  it  emits  fulphur,  diftinguifhable 
by  its  fmell,  and  white  fume,  which  com 
denfes  upon  the  neighbouring  cold  bodies  in 

plates 
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plates  or  cry  {tail  ized  needles,  of  a yellowifh 
flame,  which  becomes  blue  by  contact  of  the 
interior  flame, 

7.  The  fulphuret  of  molybdena  is  not  treated 
in  the  large  way,  as  its  only  ufe  is  occafionally 
in  its  native  date,  or  pulverized,  inftead  of 
carburet  of  iron,  the  true  purpofe  of  which  it 
never  anfwers. 

E.  Oxidability  by  Air. 

8.  Molybdena,  heated  with  the  contaft 
of  the  air,  is  changed  at  an  elevated  tempera- 
ture into  a white  volatile  oxide,  cryftallized  in 
brilliant  needles,  which  fpeedily  acquire  the 
acid  properties,  The  proportion  of  oxigen 
which  this  metal  abforbs  in  its  oxidation  has 
not  yet  been  determined  This  oxide,  heated 
with  combuftible  bodies,  allumes  a dark  blue 
colour,  of  little  brilliancy,  approaching  towards 
the  metallic  hate. 

9.  The  fulphuret  of  molybdena,  calcined  in 
a large  crucible,  covered  with  a veffel  of  the 
fame  kind,  afforded  Pelletier  white  brilliant 
needles,  which  rife  in  fujblimation  like  thofe  of 
antimony,  and  which  he  found  topoffefsacid  cha- 
rafters.  Sulphur  was  difengaged  before  this  mat* 
ter  fublimed* 
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F.  Union  with  Combujlible  Bodies . 

10.  Molybdena  unites  very  well  with  fill- 
phur  by  heat,  and  again  forms  the  fulphuret  of 
molybdena.  Its  union  with  phofphorus  is  riot 
known.  It  unites  with  the  metals,  and  renders 
them  granulated,  greyifli,  and  very  friable» 

G.  A â ion  of  Water  and  the  Oxides . 

11.  The  aétion  of  molybdena,  or  its  fulphu- 
ret, upon  water  and  the  metallic  oxides,  is 
unknown. 

H.  Afiion  of  Acids . 

12.  The  action  of  molybdena  on  the  various 
acids  has  not  yet  been  appreciated.  It  is  only 
known  that  boiling  fulphuric  acid  oxides  ic, 
and  the  nitric  acid  converts  it  into  molybdic 
acid. 

13.  Scheele  and  Pelletier  have  better  deter- 
mined the  adtions  of  fome  of  the  acids  upon 
the  fulphuret  of  molybdena.  The  boiling  ful- 
phuric acid  affords  fuiphureous  acid,  and  oxides 
the  metal,  The  nitric  acid  diftilled  from  this 
fulphuret  burns  the  fulphur,  and  acidifies  the 
metal.  Scheele,  by  treating  one  part  of  the 
fulphuret  of  molybdena  five  fucceffive  times, 
with  fix  parts  of  nitric  acid,  a little  diluted 
with  water  each  time,  obtained  in  the  retort 
a white  powder,  which  was  a mixture  of  ful- 
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phuric  acid  and  molybdic  acid.  The  muriatic 
acid  has  no  action  either  on  the  metal  or  its  ore. 
The  arfenic  acid,  heated  in  the  retort  with  fill- 
pliuret  of  molybdena,  burns  the  fulphur  into 
fulphureous  acid,  converts  a portion  of  the 
metal  into  the  molybdic  acid,  leaves  another 
portion  in  the  ftate  of  metal,  and  itfelf  be- 
comes  converted  partly  into  metal  and  partly 
into  fulphuret  of  arfenic.  Pelletier  made  uie 
of  this  experiment  to  prove  that  molybdena 
poffeffes  the  metallic  ft  ate  in  its  ore. 


Section  I. 

\ 

Action  on  the  Salifiable  Safes  and  the  Salts 

14.  THE  alkalis  diifolve  molybdena,  and  fa- 
vour its  oxidation,  which,  in  general,  is  very 
eafy.  By  means  of  tire,  in  the  dry  way,  they 
form  with  the  fulphuret  of  molybdena  an  alka- 
line fulphuret,  which  retains  the  metal  in  fo In- 
ti on.  This  adtion  lias  been  little  examined, 
and  the  effect  of  the  earthy  matters  on  molyb- 
dena, or  on  its  ore,  has  not  at  all  been  in- 
quired into. 

15.  Among  the  faits  there  is  only  the  nitrate 
of  pot-alh,  of  which  the  mode  of  adtion  upon 
fulphuret  of  molybdena  has  been  determined  ; 
but  its  effect  on  the  metal  is  ftill  unknown.  One 
part  of  this  ore,  and  four  parts  of  nitre,  deto- 
nate in  a crucible  at  a red  heat,  and  afford 

a reddifh 


MOLYBDIC  ACID. 


137 


a reddilh  mafs.  This  mafs  by  lixiviation  leaves 
about  0,02  of  red  oxide  ot  iron,  and  affords  in 
the  folution  fulphate  of  pot-alh,  undecompoled 
nitre,  and  molybdate  of  pot-afli,  which  prove 
that  the  fulphur  and  the  molybdena,  both  being 
oxigenated  to  their  maximum,  or  acidified^ 
have  united  with  the  bafe  of  nitre, 

K.  Ufts. 

lb.  As  we  have  hitherto  obtained  but  a fmall 
portion  of  molybdena,  it  has  not  yet  been 
treated,  except  (lightly,  in  the  way  of  chemi- 
cal examinations  ; it  has  not  been  applied  to 
any  ufe.  The  fulphuret  of  molybdena  is  fome- 
times  fubftituted  in  the  arts  for  the  carburet 
of  iron,  with  which  it  is  confounded  in  com- 
merce; but,  as  has  been  before  obferved,  it  an* 
(Vers  the  purpofe  of  that  fubftance  very  imper- 
fectly ; fo  that  we  may  affirm,  that  its  ufes  are 
yet  unknown.  When  it  (hall  be  more  correétly 
examined,  and  its  properties  rendered  more  fa- 
miliar, it  is  not  improbable  but  that  it  may  en- 
ter into  fome  alloys,  and  that  its  blue  or  yellow 
oxide  may  be  ufed  as  a pigment. 


Section  IL 

Concerning  the  Molybdic  Acid. 

1 . W E have  already  feen  that  we  are  indebted 
to  Scheele  for  the  difeoyery  of  the  molybdic 

acid  ; 
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acid  ; but  it  may  at  the  fame  time  be  remarked, 
that  though  this  fkilful  chemift  was  the  firfi 
who  prepared  the  acid,  its  difcovery  was  really 
contaminated  by  an  error,  fmce  he  fuppofed 
that  he  had  fimply  extracted  the  molybdic  acid 
from  its  ore,  which  is  ftill  called  molybdena 
by  all  mineralogifts  ; and  fmce  he  con  fide  red 
this  ore  as  a true  compound  of  the  acid  with 
fulphur  and  a fmall  quantity  of  iron.  The 
doctrine  of  the  French  chemifts  has  ascertained 
and  corrected  this  error,  by  fliowing  to  Citizen 
Guyton,  to  Pelletier,  and  to  all  the  authors  or 
partifans  of  the  pneumatic  theory,  that  in  the 
various  experiments  of  Scheele,  in  which  he 
obtained  the  molybdic  acid,  he  really  produced 

V 

or  formed  it  by  hurtling  the  molybdena,  and 
charging  it  with  the  whole  quantity  of  oxigcn 
it  was  capable  of  ahforbing, 

% Though  the  molybdic  acid  appears  to  exift 
in  nature,  as  Mr.  Klaproth  has  obtained  it  from 
yellow  lead  ore,  it  has  always  been  prepared  or 
fabricated  artificially,  by  treating  the  fulphurct 
of  molybdena,  the  only  ore  of  this  fub Italic e 
yet  known,  by  feveral  oxigenating  procédés. 

3.  There  are  four  procelfes  known  and  prac- 
tifed  to  convert  the  molybdena  contained  in  its 
ore  or  native  fulphuret,  into  molybdic  acid. 
The  firfl  confifts  in  its  oxidation  by  fire  and 
air.  Scheele  had  obferved,  that  when  a frag- 
ment of  fulphuret  of  molybdena  is  heated  in 
the  flame  of  the  blow-pipe  upon  a plate  of  hi- 
ver the  white  fume  which  it  emits  attached  it- 
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felf  to  the  plate  in  a thin  fcale  of  a yellowiih 
brilliant  white,  which  was  the  true  molybdic 
acid.  But  this  method  produced  only  a few 
particles.  Pelletier  has  greatly  extended  it  by 
directing  that  the  lame  operation  be  made  in 
a crucible  covered  with  another  veffel  of  the 
fame  kind.  The  white  brilliant  prifms  which 
fublime  in  this  experiment,  are  the  molybdic 
acid.  But  this  method  is  tedious,  requires 
Prong  heat,  and  does  not  afford  very  pure  acid, 
It  is  not  therefore  to  be  preferred. 

4.  The  fécond  procefs  is  performed  with  ni« 
trie  acid,  and  is  one  of  the  moft  certain.  Upon 
one  part  of  the  fulphuret  of  molybdena,  five 
parts  or  this  diluted  acid  are  to  be  poured  ; the 
diflillation  is  then  to  be  carried  on  to  dry  nefs, 
and  a mixture  of  nitrous  gas  and  nitrous  vapour 
is  obtained  with  much  froth  ; tills  diftiilation  is 
to  be  repeated  three  or  four  times,  employing 
five  parts  of  the  fame  acid  every  time.  At  the 
end,  the  dry  refidue  is  as  white  as  chalk,  and 
conflits  of  the  molybdic  acid  mixed  with  the 
fulphuric  acid.  I lie  nitric  acid  has  burned  the 
fulphur,  and  acidified  the  molybdena  by  yield- 
ing its  oxigen  to  it,  and  decompofing  it.  The 
dry  refidue  is  to  be  wafhed  with  hot  water,  by 
which  means  the  molybdic  acid  is  obtained  pure 
and  concrete.  The  water  made  ufe  of,  carries 
otl  a fmall  portion  of  this  acid,  together  with 
the  fulphuric  acid  ; and  when  it  is  flrongly  eva- 
porated^  it  allumes  a blue  colour  which  an- 
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Bounces  the  decompofition  of  its  acid,  and  its 
transition  to  the  metallic  ftate. 

5.  In  the  third  pro  cels,  the  fulphuret  oi 
molybdena  is  diftilled  with  the  arfenic  acid. 
There  is  no  addon  between  thefe  two  bodies 
while  any  water  is  prefent  ; but  when  the  water 
is  paffed  over  and  the  fire  is  r ai  fed,  arfenic  and 
the  fulphuret  of  arfenic  fnblime  ; the  fulphureous 
acid  paffes  over,  and  the  concrete  molybdic  acid 
remains  in  the  retort.  But  this  acid  is  not 
pure;  it  is  mixed  with  arfenic  and  fulphuret 
of  arfenic. 

6\  The  fourth  procefs  is  the  mod  expeditious 
of  all,  and  would  deferve  to  be  preferred  to 
them  if  it  afforded  the  acid  in  a ftate  of  purity. 
It  is  the  product  of  the  detonation  of  nitre 
with  the  fulphuret  of  molybdena.  Three  parts 
of  nitrate  of  pot-afh,  and  one  part  of  fulphuret 
of  molybdena,  well  pulverized  and  well  mixed 
together,  are  thrown  into  an  ignited  crucible. 

After  the  detonation,  the  refid ue  is  a reddiih 

• * 

mafs  compofed  of  the  oxide  of  iron,  fulphate 
of  pot-afh,  and  molybdate  of  pot-afh.  By 
lixiviating  it  in  water  the  two  faits  are  dilfolved, 
and  the  oxide  of  iron  remains.  The  folution  is 
evaporated  to  obtain  fulphate  of  pot-afh,  and 
fulphuric  acid  is  poured  into  the  liquor  which 
refutes  to  cryftallize,  and  which  muff  be  di- 
luted with  a finall  quantity  of  water,  until 
by  the  addition  of  more  acid,  no  further  per- 
ceptible precipitate  falls  down.  We  rauft,  never-? 
thelefs  obferve,  that  this  acid  does  not  com- 
pletely 
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pietely  decompofe  the  molybdate  of  pot -alb, 
and  that  the  acid  which  falls  down  is  the  aci- 
dulous molybdate  of  pot-afh,  of  which  the 
properties  elfentially  differ  from  the  pure  molyb- 
die  acid.  I have  defer ibed  this  procefs  merely 
to  lliow  the  particular  refult  and  the  exiftence 
of  this  molybdic  acidulé.  We  muff  conclude, 
that  the  true  and  the  only  means  of  obtaining 
the  pure  molybdic  acid  confifts  in  the  fécond 
procefs,  or  the  treatment  of  fulphuret  of  inolyb- 
dena  by  the  nitric  acid. 

7.  The  molybdic  acid  prepared  by  the  opera- 
tions before  pointed  out,  particularly  by  the 
fécond  procefs,  is  a white  powder,  of  a /harp 
metallic  tafte.  Its  fpecific  gravity,  according 
to  Bergmann  is  3,400. 

8.  When  heated  in  a large  glafs  retort  it 
affords,  by  a ftrong  fire,  a fmall  quantity  of 
fulphureous  acid,  which  proves  that  it  cannot 
be  deprived  of  that  acid  but  with  the  greateft dif- 
ficulty. But  it  undergoes  no  other  alteration  by 


this  treatment  than  a commencement  of  fufioii. 
In  a well-clofed  crucible  if  is  fufed  by  a ftrong 
heat,  adhering*  to  the  Tides  of  the  veffel  in  a 
glaffy  covering;  and  it  cryftallizes  in  red  radii, 
which  ilfue  from  the  centre  by  the  cooling, 
the  crucible  be  uncovered  at  the  moment  of 
fforg  it  rifes  in  a white  fume  by  contadl  of  the  air, 
and  this  vapour  attaches  itfelf  in  brilliant  feales 
of  a golden-yellow  colour  upon  the  furrounding 
cold  bodies.  This  fume  difappears,  and  the  vo- 
latilization ceafes  the  moment  the  apparatus  is 
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clofed:  hence  it  follows,  that  the  contaft  of  the  air 
is  the  immediate  eaufe,  and  therefore,  theie  is  no 
fublimate  according  to  Scheele,  found  in  the 
crucible  which  ferves  as  a cover.  It  appears, 
either  that  Scheele  did  not  apply  fufficient  heat, 
or  that  a fmall  quantity  of  air  introduced  itfelf 
into  the  experiment  of  Pelletier,  His  fulpliuret 
of  molybdena  was  burned  and  acidified. 

9.  Moft  combuftible  bodies  decompofe  the 
molybdic  acid.  Carbon  reduces  it  by  the 
affiftance  of  heat  into  a black  powder  which 
approaches  the  metallic  hate,  and  wants  only 
the  aggregation  by  fufion  to  be  tine  mol^b~ 
dena.^  By  heating  with  three  parts  of  fulphur, 
there  is  a difengagement  of  fulphureous  acid, 
and  fulphuret  of  molybdena  is  formed.  Several 
metals  heated  with  this  acid,  alfo  reduce  it5 
themfelves  becoming  partly  oxided,  and  partly 
combined  in  alloys  with  the  molybdena. 

10.  Hot  water  eafily  diffolves  it  ; one  part  of 
this  acid  requires  about  five  hundred  parts  to 
diflolve  it;  this  folution  is  very  acid  and 
fharp  ; it  reddens  turnfole,  precipitates  the 
alkaline  fulpburets,  and  decompiles  foap.  After 
its  fufion,  it  is  equally  foluble,  in  which  refpect, 
it  differs  from  the  tungftic  acid.  The  folution 
of  the  molybdic  aeid  becomes  bine  when  iron 
or  tin  are  kept  plunged  in  it;  it  effervefces  with 
the  alkaline  carbonates  ; it  precipitates  the 
folutions  of  nitrate,  of  muriate,  of  barites. 
The  molybdic  acid  becomes  much  more  folu-  s 
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bîe  with  a fmall  portion  of  alkali,  by  forming 
acidulous  molybdate. 

1 1.  The  concentrated  fulphuric  acid  dilfolves 
much  molybdic  acid  by  the  a (lift  a nee  of  heat; 
it  becomes  violet  and  blue  as  it  cools.  The  mu- 
riatic acid  alfodiffolves  a great  quantity  by  ebul- 
lition, By  diftilling  to  dry  nefs,  a part  of  the 
acid  fublimes  of  a blue  and  white  colour.  The 
refid ue  is  grey  and  deliquefeent,  like  the  fubli- 
mate.  The  fame  phenomenon  is  feen  even  in 
the  fume  of  molybdena  produced  by  the  blow- 
pipe, for  the  interior  flame  colours  thofe  fumes 
blue.  The  nitric  acid  does  not  affeCt  the  acid 
of  molybdena. 

xiic  acid  eafily  unites  with  the 
alkaline  and  earthy  bafes,  and  forms  faits  of 
fparing  folubility  with  the  latter,  but  very  fo« 
luble  and  cryftallizable  with  the  alkalis.  Scheele 
has  faid  very  little  concerning  the  properties  of 
the  alkaline  and  earthy  molybdates,  which  are 
(till  almoft  entirely  unknown.  The  calcareous 
molybdate  is  not  rendered  yellow  by  the  nitric 
acid.  The  molybdate  of  barites  is  fomewhat 
foluble  in  water  ; the  ammoniacal  molybdate  is 
decompofable  by  fire.  There  is  an  acidulous 
molybdate  of  pot-afh  ; and  Scheele,  without 
denoting  it  by  a particular  name,  points  out, 
neverthelefs,  its  characters  different  from  thofe 
of  the  pure  molybdic  acid.  I fhall  diftinguifh 
it  here  on  account  of  its  differences,  and  be- 
cauie,  it  is  frequently  obtained  inftead  of  the 
pure  acid. 


12.  The  molyl 
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13.  The  acidulous  molybdate  of  pot-afh,  is 
obtained  either  by  precipitating  the  product  of 
the  detonation  of  nitre  and  fulphuret  of  molyb- 
dena  by  the  fulphuric  acid,  or  by  directly 
uniting  molybdic  acid  with  a fmall  quantity  of 
pot-afh,  as  if  to  render  it  more  foluble. . This 
fait  affords  fmall  irregular  cryftals  by  cooling 
its  fatu  rated  boiling  folution  ; the  acid  which  is 
greatly  in  excefs,  is  not,  however^  volatile  by 
an  open  fire,  as  it  is  when  alone.  The  acidu- 
lous molybdate  of  pot-afh  is  much  more  folu- 
ble  than  the  molybdic  acid,  fince  it  requires 
only  four  parts  of  boiling  water  ; it  is  alfo  more 
fufible.  It  may  be  decompofed  by  throwing 
into  its  hot  concentrated  folution  a fmall  quan- 
tity of  nitric  acid,  which  retains  its  alkali,  and 
precipitates  the  molybdic  acid  in  fmall  cryftals. 
The  fame  acidulé  does  not  decompofe  the  ful* 
phateof  pot-alh  by  the  affiflance  of  lire,,  like  the 
pure  acid. 

14.  The  molybdic  acid  ftrongly  heated  with 
moft  of  the  fulphates,  and  particularly  with 
that  of  pot-alh,  difengages  a fmall  portion  of 
fulphuric  acid,  becaufe  it  forms  in  this  cafe  the 
acidulé  of  molybdena  ; accordingly,  the  ful* 
phuric  acid  does  not  decompofe  the  molybdate 
of  pot-afh,  but  to  the  point  of  producing  the 
fame  acidulé,  as  I have  already  remarked.  It 
likewife  decompofes  the  nitrates,  and  difengages 
the  nitrous  acid  by  heat.  The  muriates  are  alfo 
decompofed,  and  a portion  of  the  white,  yellow, 
or  violet  molybdic  acid  fublimes,  which  attracts 
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Itioifture,  is  refolved  into  a fluid  in' the  air,  and 
becomes  blue  on  the  metals.  Thefe  two  decom- 
pofitions  of  the  nitrates  and  the  muriates,  the 
nitrous  acid  which  is  difeimao-ed  from  the  former, 
and  the  deliquefcent  hate  of  a portion  of  molyb- 
die  acid,  feem  to  announce  that  it  is  capable  of 
becoming  furcharged  with  oxigen,  receiving 
modification  by  this  fuper-oxigenation  ; never- 
thelefs,  it  appears  to  fuper-oxigenate  the  muriatic 
acid  which  is  diftilled  from  it,  fince  it  becomes 
blue  by  this  aâion,  Further  experiments  are 
wanting  on  this  point. 

15.  Themolybdic  acid  is  not  yet  of  any  ufe  ; 
it  has  hitherto  been  only  an  objedt  of  refearch 
and  curiofity  with  chemifts.  The  example  of 
the  tungftic  acid,  of  which  Citizen  Guyton  has 
already  determined  a ufeful  property  for  dyeing, 
ought  to  engage  chemifts  to  attend  to  the 
molybdic  acid  under  the  fame  point  of  view. 


Article  V. 

Concerning  Chrome  and  its  Acid* 
Section  I. 

\ 

Of  the  Metal  Chrome . 

A.  Hi/lory , 

x«  THE  analyfis  of  a mineral  made  by  other 
means,  and  with  more  care  than-  hitherto  had 
been  applied  to  its  examination,  prefented  in 
Vol.  V,  L Decern- 
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December,  1797,  to  Citizen  Vauquelm,  the 
difeovery  of  ibis  new  metal.  The  red  lead  of 
Siberia  appeared  to  him,  from  feveral  previous 
examinations,  to  offer  properties,  which  he  had 
not  obferved  in  any  other  fubftance.  After 
having  made  a feries  of  experiments  upon  this 
ore,  which,  unfortunately,  is  very  fcarce,  and 
little  abundant  in  our  cabinets,  he  afeertamed, 
that  it  is  formed  of  oxide  of  lead  and  0,36,  ot 
a new  acid  which  Bindheim,  and  feveral  other 
chemifts  took  for  molybdic  acid,  but,  which 
differs  greatly  from  it,  inftead  of  refemblmg 
its  properties,  as  we  fhall  fpeedily  fee.  The  fol- 
lowing is  the  account  of  its  difcoveiy  . 

2.  By  treating  the  Siberian  red  lead  with  two. 
parts  of  carbonate  of  pot-afh  diflolved,  which 
he  boiled  in  two  hundred  parts  of  water,  the 
pot-afh  feized  the  new  acid  while  the  carbonic 
acid  united  with  the  lead.  The  new  fait  was 
found  in  folution  in  the  water,  and  the  car- 
bonate of  lead  at  the  bottom  in  the  form  of 
white  powder.  He  precipitated  the  acid  of  the 
new  fait  by  means  qf  nitric  acid,  which  feized 
the  pot-afh.  The  red  lead  of  Siberia,  when  treated 
with  the  muriatic  acid,  was  totally  diflolved, 
aifuming  a beautiful  deep  red  colour  ; the  li- 
quor by  evaporation,  afforded  muriate  of  lead  ; 
the  fupernatant  fluid  which  preferved  its  fine 
o-reen  colour,  contained  the  oxide  of  the  new 
metal  difacidified  by  the  muriatic  acid,  and 
having,  by  that  means,  paffed  from  the  orange- 
red  colour  to  green» 

B-  Pfoj- 
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B.  Phÿjicul  Properties. 

3i  I he  acid  obtained  by  the  firlt  procefs, 
and  the  oxide  produced  by  the  fécond,  were 
both  reduced  by  Citizen  Yauquelin,  by  ftrongly 
heating  them  in  a crucible  of  charcoal;  he  olY 
tained  a metal  different  from  all  thofe  yet  known, 
which  we  have  agreed  to  name  chrome,  on  ac^ 
count  of  its  remarkable  property  of  forming 
a very  coloured  acid,  and  itfelf  giving  colour 
to  all  its  faline  combinations, 

4 Since  this  firft  difcovery,  Citizen  Yauquelin 
has  found  this  metal,  Iff  In  à green  oxide 
united  to  lead  in  cryftals  of  the  fame  colour, 
wnich  are  almoft  always  found  in  the  fame 
locality  as  the  Siberian  red  lead.  2dly.  Alfo  in 
a green  oxide  in  the  emerald  of  Peru,  of  which 
it  is  the  true  colouring  matter.  3dly.  In  thé 
acid  form  in  the  fpinelle  ruby,  to  which  it  gites 
the  beautiful  red  tinge  it  poffeffes.  M.  taffaert, 
a Pruffian  chemift,  who  is  charged  with  the 
operations  of  the  laboratory  of  the  fchool  of  the 
mines  at  Paris,  has  fmce  found  the  chromic 
acid  combined  with  iron  in  ati  ore  of  the  depart- 
ment of  Var,  near  Toulon. 

-5.  The  metal  extraâed  by  this  procefs,  is  0f 
a white  colour  inclined  to  grey,  very  hard,  very 
brittle,  and  extremely  difficult  of  fufion.  The 
imall  quantity  which  Citizen  Yauquelin  could 
piocme,  did  not  permit  him  tq  afcertain  many 
of  its  properties. 
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C.  Natural  Hijlory . 
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Ç . In  the  hiftorical  notice  of  its  difcovery, 
we  have  feen  that  it  is  already  known  in  two 
ftates,  î nd  in  four  foffils  ; in  green  oxide  united 
to  oxide  of  lead,  and  the  emerald  of  Peru  ; in 
red  acid,  combined  with  the  oxide  of  lead  in 
the  red  lead  of  Siberia;  and  with  alumine  in  the 
fpinelle  ruby.  There  is  no  doubt,  but  it  will 
foon  be  found  either  in  other  hates,  or  com- 
bined in  many  more  minerals. 

I),  Docimafy  and  Metallurgy > 
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7.  By  deferibing  the  manner  of  its  difeo very, 
and  the  proceffes  by  which  it  was  obtained, 
we  have  pointed  out  every  thing  which  can  ap- 
pertain to  the  method  of  allaying  its  mineral. 
There  is  nothing  more  to  be  added  refpecting 
the  metallurgical  works,  to  which  it  may  give 
rife,  fince  its  difeovery,  in  three  or  four  very 
fearce  foffils,  cannot  have  enabled  any  opera- 
tors yet  to  fubjedl  it  to  any  woi  ks  in  a laigc  way . 

E.  Oxidability  by  the  Air. 

8.  Nothing  is  yet  known  refpefimg  its. 
oxidability  by  the  air. 


P,  Union 
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F.  Union  with  ComhuJHhïes . 

9.  The  lame  remark  may  be  made  refpedting 
its  combination  with  combuftible  bodies.  The 
very  fmall  quantity  yet  fubjected  to  experiment, 
rendered  it  impoffible  to  unite  it  with  fulphur 
or  with  the  metals. 


G.  ABion  upon  Water  and  the  Oxides . 

10.  It  has  not  yet  been  afcertained  whether 
it  be  capable  of  aéting  upon  water,  what  may 
be  its  attraction  by  oxigen,  and  its  habitudes 
with  the  different  oxides.  It  appears,  that  it 
has  very  little  adtion  in  thefe  cir  cum  fiances, 
as  it  is  very  eafily  difoxided,  and  does  not  oxide 
but  with  great  difficulty. 


H.  ABion  upon  the  Acids « 

1Î.  Though  it  is  obtained  in  very  fmall 
quantity,  Citizen  Vauquelin  has,  neverthelefs, 
been  able  to  afcertain  its  adtion  on  fome  of  the 
acids.  He  has  found,  that  it  is  not  attacked  by 
the  fulphuric  or  the  muriatic  acids  ; that  nitric 
acid,  diftilled  feveral  fucceffive  times  upon  it  to 
dry  nefs,  changes  into  a green  oxide,  and  even 
caufes  it  to  pafs  to  the  hate  of  yellow  orange 
chromic  acid  ; that  the  nitro- muriatic  acid  par- 
ticularly produces  this  effedl  with  much  more 
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fpeedj  and  that  it  may,  by  that  means,  be  made 
to  acquire  all  the  properties  it  poffeffes  in  the 
Siberian  red  lead. 


I.  A Elion  upon  the  Bafes  and  the  Salts , 

12.  It  is  entirely  unknown  whether  it  is  capa- 
ble of  alteration  by  the  earths  and  alkalis  ; it 
does  not  eafily  unite  with  them,  unlefs  in  the 
hate  of  acid,  for  in  that  of  green  oxide  it  is  not 
ioluble.  This  green  oxide  is  even  obtained  by 
the  cauftic  fixed  alkalis,  by  feparating  it  from 
the  alumine  with  which  it  is  united  in  the 
emerald,  to  which  alumine  the  alkalis  unite 
'without  touching  the  oxide  of  chrome. 

13.  We  are  not  at  all  acquainted  with  its 

afiion  on  the  faits. 
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K.  Vjes. 

14.  It  is  hardly  to  be  imagined,  that  fo  re- 
cent a difcovery  can  have  yet  been  applied  to 
any  ufe.  Keverthelels,  its  author  has  already 
obferved,  that  its  oxide  may  be  ufed  in  the 
fabrication  of  glafs  and  enamel,  and  it  may  even, 
perhaps,  have  been  already  employed  without 
i’ufpedling  it,  in  the  mixtures  of  the  prod  Lifts  of 
minerals  ill  underftood  or  analyzed,  of  which  it 
may  form  a part.  The  manufacturers  of  porce- 
lain are  often  in  this  fituation,  when  they  pre- 
pare oxides  from  very  mixed  ores  in  order  to 
obtain  variety  of  /hades.  The  nature  of  thefe 
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lliades  depends  on  unknown  alloys,  of  which 
the  chrome  may  well  be  one  of  the  conftituent 
parts. 


Section  II. 

Concerning  the  Chromic  Acid . 

L THOUGH  the  chromic  acid  has  been  very 
lately  difcovered,  and  has  not  yet  been  examined, 
except  in  very  minute  quantities,  by  the  different 
proceffes  to  which  Citizen  Vauquelin  has  fub- 
jedted  it,  it  is  nevertheless  better  known,  and 
affords  more  fadts  to  the  hiftory  of  chemiftry 
than  chrome  itfelf.  This  arifes  from  its  being- 
found  native  in  combination  with  the  oxide  of 
lead,  fo  that  it  was  much  more  eafy  to  extract 
it  and  afcertain  lome  of  its  properties,  than  to 
perform  the  fame  with  regard  to  the  metal  which 
has  not  yet  been  obtained,  except  with  the 
greateft  difficulty,  and  in  much  lefs  quantity. 

2.  The  chromic  acid  extradted  from  the  red 
lead  of  Siberia,  treated  by  the  carbonate  of 
pot-afli,  and  difengaged  from  this  alkali  by  a 
ftronger  acid,  has  the  form  of  a red  or  yellow 
orange  powder,  of  a peculiarly  fharp  metallic 
talte,  more  perceptible  than  that  of  any  other 
metallic  acid. 

3.  When  expofed  to  the  adtion  of  light  and 
caloiic  in  open  veffels,  it  becomes  green  ; in 
plofe  veffels  it  affords  pure  oxigen,  and  paffes  to 
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the  ftate  of  green  oxide  by  loiing  its  acidity. 
The  red  lead  of  Siberia  itfelf  gives  out  oxigen 

O O 

gas,  when  heated  in  clofe  veflels,  and  a flumes 
a yellowifh-green  colour.  The  chromic  acid 
is  the  firft  metallic  acid  known  which  is  capable 
of  difacidifying  itfelf  fo  eafily  by  the  adtion  of 
caloric,  and  affording  oxigen  gas  by  this  fimple 
operation.  We  fliall  fee,  that  many  of  its  pro- 
perties depend  on  the  flight  adherence,  at  leaf!:, 
of  a portion  of  its  oxigen.  The  green  oxide  of 
chrome  pafles  again  to  the  ftate  of  chromic- 
acid  only,  when  treated  by  the  acids'  which  re- 
flore  its  oxigen. 

O 4-  k 

4.  The  adtion  of  moft  of  the  combuftible  bo- 
dies on  the  chromic  acid,  is  yet  unknown.  It 
is  only  known , that  when  ftrongly  heated  with 
charcoal  it  becomes  black,  and  foon  pafles  to 
the  metallic  ftate  without  fufion  ; the  facility 
with  which  it  permits  its  oxigen  to  efcape,  ihows 
that  it  may  be  decompofed  by  hidrogen,  phof- 
phorus,  and  fulphur. 

5.  The  chromic  acid  is  foluble  in  water,  and 
cryftallizes  by  cooling  and  evaporation,  in  prifms 
of  a ruby-red  colour.  It  appears  to  be  capable 
of  uniting  with  many  metallic  oxides. 

6.  Among  the  acids,  none  has  a more  remark- 
able action  upon  it  than  the  muriatic.  When 
this  acid  is  diftilied  by  gentle  heat  from  the 
chromic  acid,  the  latter  pafles  fpeedily  to  the  ftate 
of  oxigenated  muriatic  acid;  confequently,  it  ac- 
quires by  this  mixture,  the  property  of  diflolving 
gold.  By  this  property  it  refembles  the  nitric 
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acid,  in  confequence  of  the  weak  adherence  of 
its  oxio-en.  It  m-u ft  be  remarked,  that  it  is 

o 

the  only  one  of  the  metallic  acids  which  exhibits 
this  character. 

7.  The  chromic  acid  unites  very  eafily  with 
alkaline  matters.  It  forms  with  them  folutions 
of  an  orange  or  yellow  colour,  which  aftord 
orange  cryllals  by  evaporation.  It  is  the  only 
acid  which  has  the  property  of  colouring  its 
Xalts  ; which  circumftance  has  induced  us  to 
denominate  it  the  chromic  acid,  preferving  the 
name  of  chrome  from  its  metallic  radical.  We 
are  not  yet  acquainted  with  the  earthy  chro- 
mates, nor  with  the  fpecific  properties  of  the 
alkaline  chromates,  nor  the  order  of  attraction  of 
the  acid  for  its  bales.  W7e  only  know  that  the 
earthy  chromates  are  infoluble,  or  much  lefs 
foluhle  than  alkaline  chromates. 

8.  We  are  equally  unacquainted  with  the  ac- 
tion of  the  chromic  acid  upon  the  faits,  whe- 
ther it  be  capable  of  decompofing  lome  of  them, 
as  we  have  feen  in  the  other  metallic  acids.  It 
appears*  at  leaf,  that  this  decompofition  cannot 
operate  but  by  virtue  of  a very  elevated  tem- 
perature, or  the  double  elective  attractions,  lincc 
the  fulphuric,  nitric,  and  muriatic  acidsr  de- 
compofe  the  chromate  of  pot-afh,  and  precipi- 
tate the  chromic  acid  from  its  folution. 

9.  As  the  abtion  of  the  chromic  acid  upon 
the  metals  has  not  yet  been  appreciated,  I can 
fay  nothing  of  its  combination  with  arfenic, 
timcTten,  and  molybdcna,  nor  of  the  order  of 
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the  attrapions  between  this  acid  and  thofe  of 
the  metallic  radicals,  of  which  the  order  of  the 
p refont  work  would  otherwife  require  me  to 
treat  in  this  place.  The  chromic  acid,  as  well 
as  the  green  oxide  of  chrome,  pro  miles  to  be 
very  ufeful,  either  alone  or  combined  v ith  the 
other  metallic  oxides,  to  painters,  enameliers, 
glafs-makers,  in  the  imitation  of  precious  Hones* 
and,  perhaps,  even  in  dyeing. 


Article  YL 
Concerning  Titanium , 

■* • r A.  Hiftory . 

1.  IN  17.95,  the  third  year  of  the  French 
republic,  Air.  Klaproth,  a chemift  of  Berlin, 
having  examined  a folfil  from  Boinik  in  Hun- 
gary, known  by  the  name  of  red  fchorl,  on 
account  of  its  prifmatic  or  fluted  columnal 
form,  difeovered  that  it  was  the  native  oxide 
of  a metal  till  then  unknown.  He  characterized 
it  by  the  following  properties,  which  are  in  fact, 
the  moft  marked  and  the  moll  diftinPive  of  any 
it  pofieffes.  By  calcination,  it  paffes  from  white 
to  yellow,  and  from  yellow  to  red  ; it  affords  a 
yellow  enamel,  allumes  blue,  yellow,  and  vio- 
let colours,  by  the  vitreous  fluxes  before  the 
blow-pipe  ; is  very  greedy  of  oxigen  ; is  pre- 
iipitated  by  the  fulphurets  ; affords  a thick 
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brown  precipitate  of  a reddifh  colour,  refera» 
bling  blood,  by  the  nut-gall,  Though  he  did 
not  fucceed  in  reducing  this  oxide,  and  obtained 
only  brown  feoria  towards  the  bottom,  and  a 
greyifli  blue  at  the  top,  yet,  as  its  properties 
leave  no  doubt  refpeCting  its  metallic  nature, 
he  gave  it  the  name  of  titanium,  an  infignificant 
term,  ashehimfelf  admits,  but,  on  that  account, 
not  calculated  to  give  any  falfe  notion, 

2.  Towards  the  end  of  the  fame  year  citizens 
Miché  and  Cordier,  officers  of  the  mines  of  the 
French  Republic,  difeovered  in  the  canton  of 
Saint  Yriez,  in  the  department  of  Haute  Vienne, 
a red  fchorl  in  final!  broken  mafies,  rolled  and 
worn  at  their  furface,  interfperfed  among  the 
foil  of  the  fields.  It  had  lonu;  been  ufed  m the 
manufacture  of  Sevres  to  make  the  brown  colour 
on  porcelain;  but  its  ufe  was  laid  afide  on  ac^- 
count  of  the  extreme  difficulty  of  obtaining  an 
uniform  tint.  Citizens  V auquelin  and  Hecht 
undertook  a very  extenfive  chemical  examina- 
tion; they  verified  and  confirmed  the  difeovery 
of  M.  Klaproth;  added  fome  new  faCts,  parti- 
cularly a greater  degree  of  precifion  ; and  they 
fucceeded  in  approaching  much  nearer  than  he 
did  to  the  reduction  of  this  metal,  fo  that  they 
have  deferi bed  feveral  properties  of  metallic 
titanium,  of  which  the  Berlin  chemift  made  no 
mention.  They  have,  therefore,  fupplied  me 
with  many  new  details  and  refaits  for  this 
article,  which  is  founded  entirely  on  their  ex  • 
periments  as  well  as  thole  of  M.  Klaproth. 
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B.  Phyjical  Properties. 

o.  The  metallic  titanium  obtained  in  the 
manner  to  be  mentioned,  exhibits  not  a true 
well-fufed  button,  but  an  agglutinated  brittle, 
blackilh-brown,  cavernous  mafs,  cryftallized 
within,  hard  and  brittle,  almoft  always  wholly 
or  in  part  of  a reddilh  colour,  or  of  a bright  thin» 
ing  reddith-yellow  at  the  furface,  equally  bril» 
liant  and  red  in  its  internal  cavities,  frequently 
covering  the  furface  of  the  crucibles  with  a 
lining  of  the  fame  thade,  changing  and  a flu  ru- 
ing rain-bow  colours  or  purple  when  expofed 
very  hot  to  the  air,  volatile  and  attached  to 
the  cover  of  the  crucibles  with  that  red  colour 
by  the  ftrong  lire  employed  in  its  reduction. 
It  is  the  only  metal  which  fo  much  approaches 
the  tinge  of  copper,  though  this  is  mixed  with 
yellow. 

C.  Natural  Hijlory . 

4.  Titanium  is  not  yet  known  in  the  native 
ftate,  but  in  the  form  of  oxide.  Two  fpecies 
are  diftinguiflied.  A.  The  red  pure  oxide  of 
titanium,  named  red  fchorl,  found  in  Hungary, 
Spain,  France,  and  Mount  Saint  Gothard.  The 
latter  was  found  by  M.  de  Sauffure,  who  named 
it  Sagenite  on  account  of  its  cryflals  having 
the  form  of  reeds  or  fillets,  faa:ena.  It  is  dif- 
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feminatecl  in  long  brilliant  needles,  and  includ- 

Cl  ' 

ed  in  the-  rock-cry  fiai  of  Madagascar.  The 
form  of  its  molecule  is  a triangular  prifm, 
with  rectangular  ifofceles  bafes.  It  is  obtained 
in  the  primitive  form  by  dividing  the  nucleus, 
in  the  direction  of  the  diagonals  of  the  bafes 
of  its  cryftals.  Thefe  are  hexahedral  prifms, 
with  dihedral  Summits  refembling  thofe  of  Saint 
Yriez,  or  oCtagonal  fluted  prifms,  like  thofe  of 
Hungary,  or  Square  prifms  like  thofe  found  a 
few  years  ago  near  Pont- James  les  Noyers,  be- 
tween Nantes  and  Ingrand.  Thefe  cryftals 
are  grouped  two  and  two,  and  croffed  like 
cryftals  of  tin  under  an  angle  of  114°.  Its 
colour  is  red,  more  or  lefs  deep,  clear  and 
brilliant,  and  even  femi-tranfparent  on  its 
edges.  It  eafily  breaks  ; but  its  hard  frag- 
ments are  difficult  to  pulverize.  It  Scratches 
glafs.  Its  Specific  gravity  is  between  4,180, 
and  4,24 6.  B,  The  filieeo-calcareous  tita- 
nium, or  the  titanite  of  Klaproth.  It  is  a 
foffil  compofed  of  oxide  of  titanium,  fdex  and 
lime  nearly  in  equal  parts;  its  Specific  gravity 
is  3,510.  Before  the  blow-pipe  it  only  under- 
goes  Some  blifters  at  its  Surface.  It  is  found 
at  PafSau  in  Small  right  rhomboidal  prifms, 
terminating  in  dihedral  Summits  in  a gangue 
compofed  of  feldt-fpar  and  quartz. 
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t>.  Assay  and  Metallurgy* 

5*  No  docimaftic  affav,  nor  métallurgie 

4/  J O 

works  have  yet  been  made  on  this  metallic 
ih b ftance,  which  has  been  difcovered  no  longer 
than  three  years.  Chemifts  may  eafily  dif- 
tinguifh  its  oxided  ore  from  the  different 
characters  it  prefen ts  which  will  be  carefully 
defcribed  in  this  article.  We  content  our- 
felves  to  obferve  in  this  place,  that  Citizen 
Vauquelin  has  obtained  perceptible  figns  of  re- 
duction of  the  red  native  oxide,  by  heating  one 
hundred  parts  with  fifty  parts  of  calcined 
borax,  and  fifty  parts  of  charcoal  reduced  to 
a pafte  with  oil,  and  expofed  in  alined  cruci- 
ble for  an  hour  and  half,  in  a forge- fire  raifed 
to  an  hundred  and  fixty  fix  degrees  of  Wedg- 
wood’s thermometer,  beyond  which  tempera- 
ture the  moft  refraClory  crucibles  of  porcelain 
would  melt.  He  obtained  an  agglutinated 
blackfill  mafs  of  a coppery-red,  and  brilliant  on 
its  furface. 

6 . As  metallic  titanium  is  very  rare,  and  has 
not  been  obtained,  but  by  Citizen  Vauquelin, 
and  in  too  fmall  a quantity  to  fubjeCt  it  to  a 
fufficient  courfe  of  experiment;  as  on  the  com 
trary  its  native  oxide  has  been  examined  with 
much  care  by  the  two  chemifts  who  have  dif- 
covered  its  nature,  and  drawn  up  its  hifiory  ; 
and  laftly,  as  the  moft  confiant  ftate  in  which 
it  has  been  fubjeCted  to  experiment,  is  carbc-* 
* nate 
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nate  of  titanium,  obtained  by  fufion  of  the 
native  oxide  of  titanium,  with  fix  parts  of  car» 
bonate  of'  pot-afh,  during  which  fufion  the 
oxide  abforbs  oxigen,  and  carbonic  acid  which 
modify  its  properties,  I dial!  in  each  of  the  fol- 
lowing numbers,  when  I fpeak  of  the  a&ion  of 
the  various  chemical  fubftances,  conftantly  re- 
fer  their  adl ion  to  the  metal,  to  its  native  oxide, 
and  to  the  artificial  carbonate.  This  is  the 
t od  of  giving  a precife  and  methodical 
notice  of  what  is  known  refpeéting  this  new  fub» 
itance,  which  is  already  become  fo  intereftino*. 

E.  Treatment  by  Fire  and  Air . 

T Titanium  does  not  melt  by  the  greatefl 
known  heat  ; it  becomes  covered  with  the  co~ 
lours  of  the  rain-bow  in  the  air,  and  is  eafily 
oxided;  but  the  augmentation  of  its  weight 
or  the  degree  of  its  oxidation  has  not  yet  been 
determined. 

8.  The  red  oxide  of  titanium  heated  in  a 
crucible  becomes  brown,  and  lofes  its  brillU 
aney.  By  the  blow-pipe  it  lofes  its  tranfpa- 
rcncc,  and  becomes  of  a milky— grey  colour. 
Upon  charcoal  it  becomes  ftili  more  opaque, 
and  of  a flate  syrey. 

O \j 

{j>  I ne  ai  liiicial  carbonate  of  titanium  treated 
alone  in  a crucible,  lofes  0,25  of  its  weight, 
becomes  yellow  by  heat,  and  refumes  its  white 
colour  by  cooling.  After  this  heat  it  is  no  longer 
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fol u hie  in  acids  nor  effervefces  with  them  ; 
carbonic  acid,  and  a fmall  quantity  of  oxigen 
gas  is  difengaged.  When  heated  alone  by  the 
blow- pipe  upon  charcoal  it  becomes  of  a fine 
orange-yellow,  which  difappears  by  cooling, 
and  it  becomes  black  at  the  furnace  which 
touches  the  coal.  Thefe  changes  of  colour  are 
owing  to  the  lofs  of  the  different  proportions 

of  oxigen. 


F.  Treatment  with  CombuJUble  Bodies. 


10.  No  trial  has  yet  been  made  to  combine 
titanium  with  combuftible  bodies. 

11.  The  native  red  oxide,  treated  with  car 
bon  by  a ftrong  fire,  as  we  have  feen,  becomes 
reduced  into  blackifh  agglutinated  grains,  co- 
vered with  a red  and  very  hiilhant  metallic 


pellicle. 

15.  Idle  carbonate  of  titanium  has  not  been 
allayed,  but  by  carbon  mixed  with  the  faline 
fluxes,  and  by  ftrongly  heating  thole  mix- 
tures, a reduced  .metallic  mafs  was  obtained 
without  fulion,  at  leaft  without  complete 
fufion,  the  furface  of  which  was  red  and 
brilliant,  and  of  which  the  internal  cavities 
were  frequently  lined  with  prifmatic  cryftals 
fimilar  to  thofe  of  the  oxide  of  manganefe. 
When  the  crucible  breaks  in  this  experiment,  the 
matter  fpread  about,  applies  itfelf  to  the  furface 
in  a metallic  plate  of  the  fineft  purple-red, 
fimilar  to  a leaf  of  jewellers  foil,,  which  circum- 
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ftance  announces  a fpecies  of  fufion  in  the 
reduced  titanium  fufficiently  mànifeft,  though 
it  has  never  yet  been  obtained  in  a colledted 
button,  for  want  of  veflels  to  fupport  the  heat, 
without  themfelves  becoming  fufed  at  a tem- 
perature above  lbd  degrees  of  Wedgwoods 
thermometer* 

13.  Neither  titanium,  nor  its  native  oxide, 
nor  its  artificial  carbonate,  have  yet  been  treated 
with  hidrogen,  phofphorus,  fulphur  or  any  other 
metallic  fubftance. 

G.  Treatment  zoith  Water  and  the  Oxides, 

14.  The  adtion  of  titanium  upon  water  and 
the  metallic  oxides  has  not  yet  been  tried  ; fo 
that  we  cannot  ftate  its  rank  of  attraction  for 
oxigen.  There  was  no  motive  to  examine  that 
of  the  artificial  carbonate  of  titanium  on  thefè 
bodies.  It  was  known  that  it  is  not  foluble 
m water  fmce  it  was  feparated  from  the  alka- 
line carbonate  formed  by  this  liquid,  and  it 
was  more  natural  to  try  the  native  oxide 
with  the  metallic  oxides,  with  the  intention 
that  by  adding  the  reducing  fubftances,  the 
titanium  might  be  obtained  by  the  common 
redudtion  of  the  metallic  alloy, 

15.  The  memoir  of  citizens  Vauquelin,  and 
Hecht,  contains  feveral  experiments  of  this  affay 
of  the  native  oxide  of  titanium  with  various 
metallic  oxides,  with  charcoal,  oil,  or  black 
flux,  and  expofed  to  a violent  heat*  That 
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with  the  oxide  of  lead,  and  a fourth  of  the  former, 

V - ' ^ 

was  found  diffeminatcd  in  grains,  in  a blaekifli 
brown  mafs  not  fufed  ; that  of  arfenic  fix  parts 
to  one  of  the  oxide  of  titanium  afforded  a 
black  glafs,  compact  and  well  fufed  without 
appearance  of  metallic  matter  ; that  of  copper 
in  equal  parts,  afforded  only  a greenilh  grey 
fcoria,  under  which  was  found  a fmall  button 
of  pure  copper;  that  of  filver  aifo  in  equal 
parts  afforded  a deep  green,  bliftered  fcoria, 
interfperfed  with  fmall  grains  of  filver,  cover- 
ing a button  of  the  metal  in  a ffate  of  pu- 
rity, and  very  du&ile.  The  oxide  of  iron  in 
equal  parts,  and  half  of  the  native  oxide  of 
titanium,  afforded  in  feveral  fucceffive  affays, 
by  the  affiftance  of  a very  adfive  flux,  indi- 
cations of  alloy  between  the  two  metals.  This 
allo}^  which  was  well  reduced,  but  did  not  flow 
into  a button,  was  of  a grey  colour,  mixed  at 
its  furface,  and  in  its  interior  fliowed  brilliant 
metallic  particles  of  a gold  and  yellow  colour. 
We  fee  therefore,  that  titanium  unites  very 
difficultly,  or  even  not  at  all  with  lead,  arfenic, 
copper,  and  filver,  but  that  it  appears  capable 
of  uniting  with  iron. 


ft.  Treatment 
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H.  Treatment  with  the  Acids , 

it>.  The  experiments  with  the  acids  were 
much  more  numerous,  and  prefented  refaits 
much  more  mterefting  than  moft  of  the  other 
experiments  on  titanium.  Mr.  Klaproth  has 
well  deferibed  the  inefficacv  of  thefe  folvents  on 
the  red  native  oxide  of  titanium,  and  their  ac- 
tion upon  the  carbonate  of  that  metal.  Citi- 
zens \ auquelin  and  Hecht  have  drown  with 
greater  care  and  accuracy,  the  effects  they  pro- 
duce on  the  metallic  titanium  and  its  artificial 
carbonate.  As  the  moft  remarkable  characters 
of  this  new  metal  conflit  in  thofe  various  ef~ 
feas  ; I dr  all  here  deferibe  them  diffidently  at 
length  to  give  an  accurate  knowledge  of  the 
fame. 

17.  Titanium  (numbers  3 and  5)  treated  with 
concentrated  and  boiled  fulphuric  acid,  afforded 
fulphui sous  acid  gas,  and  was  changed  into  a 
white  oxide,  part  of  which  remained  diffolved 
in  the  acid.  1 his  foliation  prefented  all  the 
chaiacteis  of  the  loiution  of  carbonate  of  ti- 
tanium in  the  fame  acid  which  will  fpeedily  be 
mentioned  ; there  is,  confequently,  no  doubt, 
as  Citizens  Vauquelin  and  Hecht  remarked, 
that  the  red  metallic  fubftance,  obtained  by  the 
reduction  of  the  native  oxide,  is  the  metal 
titanium. 
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18.  The  nitric  acid  long  boiled  upon  this 
metal,  did  not  exhibit  any  remarkable  effect.  ; 
neverthelefs,  the  brilliant  points  of  this  metal 
were  changed  into  a white  fab  ft  an  ce,  which 
iliows,  that  they  were  oxided  at  their  furface. 

19.  The  muriatic  acid  diluted  with  "water, 
afforded  much  hidrogen  gas  with  titanium  in 
blue  fcoria.  [We  muft  here  obfcrve,  that  the 
portion  of  red  titanium  -which  was  only  a fu per- 
il cial  coating,  Was  too  final  1 in  quantity,  to  be 
fubmitted  in  this  hate  to  the  action  of  all  the 
acids]  ; a confiderable  quantity  of  -white  flakes 
Was  formed  in  the  liquor.  The  intro-muriatic 
acid  converted  it  fpeedily  into  a white  powder, 
which  -was  difperfed  through  the  fluid,  and  the 
furface  of  the  metal  was  alfo  at  firft  covered 
with  a fimilar  white  pellicle.  We  fhall  foon 
fee,  that  this  fufpenfion  of  oxided  titanium  by 
the  decompofition  of  water  in  the  muriatic  acid, 
is  fimilar  to  what  happens  between  the  carbonate 
of  this  metal  and  the  fame  acid. 

£0.  Mr.  Klaproth  treated  the  native  red 
oxide  of  titanium  from  Hungary,  with  the  ful- 
phuric,  nitric,  muriatic,  and  nitro-muriatic  acid, 
digefted  with  heat  for  a confiderable  time  upon 

o 1 

this  oxide  in  powder.  There  was  no  percep- 
tible action,  and  the  oxide  remained  without 
alteration.  Citizens  Vauquelin  and  Hecht,  by 
treating  the  lame  red  oxide  of  titanium  from 
St.  Y riez,  obfcrved,  that  the  fulphuric  acid  con- 
centrated and  boiled,  detached  merely  a few 
per  c epti  ble  in  d i c at  ion  s of  i r on , wi  t h o u t c h an  g i n g 
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the  oxide  ; that  the  nitric  acid  was  equally  in- 
effedtual,  and  the  muriatic  acid  . produced  only 
a flight  modification  in  the  colour  which  became 
rather  grey. 

21.  Ibis  is  not  the  cafe  with  the  carbonate 
of  titanium  obtained  by  fufion  of  its  native 
oxide  with  carbonate  of  pot-afli  in  the  experi- 
ments of  Mr.  Klaproth,  as  well  as  in  the  more 
multiplied  experiments  of  Citizens  Vauquelin 
and  Hecht.  All  the  acids  act  in  a Angular 
manner  upon  this  carbonate,  and  it  is  evident, 
that  this  is  owing,  as  thefe  I aft  chemifts  obferved, 
to  the  abforption  of  oxigen  and  carbonic  acid 
occafioned  by  the  fufion  with  the  carbonate  of 
pot-afli.  It  is  true,  that  it  is  a remarkable  ciiv 
cumftance  to  find  a native  oxide  not  faturated 
with  oxigen,  which  does  not  take  that  principle 
by  the  adlion  of  the  nitric  acid,  but  becomes 
charged  with  it  by  fufion  with  the  carbonate  of 
pot-afli.  We  fliould  be  tempted  to  think  with 
Mr.  Klaproth,  that  it  rather  loft  a portion  of 
oxigen  in  this  fufion  which  it  naturally  con- 
tained, and  which  might  render  the  native  oxide 
infoluble  in  acids,  if  the  experiments  of  Citizens 
Vauquelin  and  Hecht  did  not  compel  us  to 
draw  a contrary  inference  from  the  facfs  they 
have  fo  carefully  obferved, 

22.  Mr.  Klaproth  aflerts,  that  the  carbonate 
of  titanium,  which  he  calls  white  earth  of  this 
metal,  obtained  by  the  adtion  of  the  carbonate 
of  pot-afli  upon  the  red  fchorl,  is  totally  folu- 
ble  by  heat  in  the  fulphuric  acid  diluted  with 
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water,  and  that  this  clear  folution,  when  eva- 
porated, becomes  converted  into  a white  gela- 
tinous and  opaque  fubftance.  In  the  experi- 
ments of  Citizens  Vauquelin  and  Hecht,  the 
carbonate  of  titanium,  which  was  boiled  with 
fulphuric  acid  at  40°,  produced  an  effervefcence 
and  gave  a milky  appearance  to  the  fluid  ; many 
white  flakes  flmilar  to  curds  in  milk  were 
formed  ; a Itronger  heat  completed  the  folution 
and  afforded  a tranfparent  liquid  ; this  folution 
did  not  afford  eryftals. 

23.  According  to  Mr.  Klaproth,  the  nitric 
acid  formed  with  the  carbonate  of  titanium  a 
tranfparent  folution,  which  becomes  of  an  oily 
appearance  in  the  air,  and  affords  tranfparent 
eryftals  in  elongated  rhombs,  as  if  truncated  in 
two  oppofite  points,  fo  as  to  reprefen t hexagonal 
plates.  Citizens  Vauquelin  and  Hecht  obferved 
fomewhat  more  in  this  operation.  The  carbon- 
ate of  titanium,  according  to  them,  effervefees 
ftrongly  with  concentrated  nitric  acid  : when 
the  mixture  is  heated,  the  nitrous  acid  is 
difengaged  ; the  fluid  remains  continually  milky  ; 
fugar  added  to  the  mixture  precipitates  an  ox- 
ide which  is  whiter  than  the  carbonate  was.  If 
diluted  nitric  acid  be  ufed,  the  oxide  of  tita- 
nium  is  diffolved,  but  the  folution  becomes  tur- 
bid by  heat.  Caloric,  therefore,  oppofes  the 
combination  of  this  oxide  with  the  nitric  acid, 
by  oxiding  the  metal  ftill  more,  and  by  that 
means  renders  it  infoluble  in  the  acid. 

24.  In 


TITANIUM. 


167 

24.  In  the  experiments  of  Mr.  Klaproth,  the 
carbonate  of  titanium  was  foluble  in  the  muri- 
atic acid  ; and  this  folution  formed  a yellowifh 
and  tranfparent  jelly,  in  which  he  obferved 
many  tranfparent  cubical  eryftals.  The  expe* 
riments  of  Citizens  Vauquelin  and  Hecht  pre- 
fent  ftill  more  information  refpe fling  this  lin- 
gular compound.  The  carbonate  of  titanium 
was  dilfolved  with  effervefcence  in  the  concen- 
trated muriatic  acid,  and  affumed  a deep  yellow 
colour  while  it  was  diffolving,  without  the 
afliftance  of  heat  ; the  folution  was  yellow, 
though  faturated,  it  was  conftantly  acid  ; when 
heated,  it  became  reduced  into  a flocculent 
magma,  which  was  not  re-dilfolved  by  the  ad- 
dition either  of  water  or  of  more  muriatic  acid. 
A fimilar  folution,  which  was  not  heated,  re- 
mained tranfparent;  at  60°  of  heat  it  after- 
wards became  a tranfparent  yellow,  of  a very 
ftyptic  acid  tafte  : by  cooling  of  this  jelly  it  de- 
polited  many  fmall  eryftals,  which  eftlorefced 
in  the  air.  When  this  folution  was  boiled,  ox- 
genated  muriatic  acid  efcaped  ; the  oxide  pre- 
cipitated by  heat  was  no  longer  foluble  in  the 
muriatic  acid  ; and  the  chemifts  before  cited, 
proved  that  this  fact  is  owing  to  a diloxidation, 
becaufe  it  becomes  capable  of  being  again  dif, 
folved  without  heat,  after  it  has  been  long 
boiled  with  the  nitric  acid.  Thç  contrary, 
theiefoie,  takes  place,  in  this  mftance,  to  what 
happens  with  the  nitric  folution;  the  oxide  of 
titanium  requires  to  be  ftronglv  oxided  in  order 
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to  unite  with  the  muriatic  acid;  and  in  this 
fete  it  is  only  foluble  at  a cold  temperature, 
becaufe  the  acid,  when  heated,  feizes  a portion 
of  its  oxigen,  and  renders  it  infoluble.  The 
oxide  of  titanium,  when  too  highly  oxigena- 
ted,  cannot  be  diffolved  in  nitric  acid  ; and 
when  this  laft  folution  is  ftrongly  heated,  the 
•titanium,  by  decompofing  the  nitric  acid,  and 
feizing  oxigen  from  it  during  the  dit  engage- 
ment of  nitrous  gas,  becomes  feparated  from 
the  acid,  and  renders  the  folution  of  a milky 
whitenefs.  When  therefore  it  is  fupereharged 
with  oxigen,  it  is  foluble  without  heat  in  the 
muriatic  acid,  and  becomes  difoxided  by  the 
application  of  heat  The  oxide  of  titanium, 
feparated  from  the  muriatic  acid  by  the  adtion 

of  the  blow-pipe,  allumes  a beautiful' lemon-? 
yellow  colour.  . 

25.  The  folutions  of  the  oxide  of  titanium 
in  the  acids  are  precipitated  by  the  carbonate 
of  pot-afh,  and  by  ammonia,  in  white  flakes,  by 
the  pruffiate  of  pot-afh,  of  a grafs  green,  mixed 
with  brown,  by  nut-gall  of  a reddifh-brown, 
refembling  the  colour  of  blood,  by  the  arfenic 
and  phofphoric  acid  in  white  powder.  The 
muriate  of  titanium  in  which  tin  is  plunged, 
becomes  firft  of  a pale  red  colour,  and  after- 
wards of  a ruby-red  ; zinc  changes  its  yellow 
colour  to  a violet,  which  paffes  to  that  of  indigo. 
Heat  deftroys  thefe  fine  colours.  The  muriatic 
folution  of  titanium  is  not  rendered  turbid  by 
water,  charged  with  fulphu rated  hidrogen.  The 
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fui  pli  ur  et  of  ammonia  colours  it  of  a dirty  green, 
and  forms  a precipitate  of  a bfuifh  green  ; the 
white  carbonate  of  titanium,  or  the  white  oxide 
feparated  from  the  acids,  becomes  alfo  colour- 
ed  of  a greeniih  blue,  when  the  fulphuret  of 
ammonia  is  poured  in.  All  thefe  fads,  curious 
for  the  beauty  of  the  fpedacle,  and  the  variety 
of  the  phenomena,  were  difcovered  hy  Mr. 
Klaproth,  and  verified  by  Citizens  Vauquelln 
and  Hecht.  They  have  added  the  following 
fadt  ; that  the  light  green  precipitate,  formed 
in  the  muriate  of  titanium  by  the  pmffiate  of 
pot-afh,  paffes  through  brilliant  ihades  of  pur- 
ple, blue  and  white,  where  it  flops,  when  it  is 
decompofed  in  the  mi  dit  of  the  fluid  in  which  it 
was  obtained  by  the  addition  of  alkalis* 

Ji.  Treatment  with  the  Alkaline  Bafes  and  the  Salts? 

\ 4 

2d.  The  adion  of  the  alkalis  and  the  faits 

' . r: 

upon  titanium  are  not  known  ; it  appears  to  be 
capable  of  oxidation  by  the  nitrates  and  the 
fi  i p er-ox  i gen  a ted  m u r i at  es. 

27.  The  native  red  oxide  of  titanium,  heated 
with  four  parts  of  pure  pot*afh,  melts  and  be- 
comes divided  at  the  fame  time  that  it  affumes 
a white  colour;  the  divifion  which  the  alkali 
produces  in  it  renders  it  foluble  in  the  acids, 
though  it  is  not  fo  in  its  natural  ftatç  of  denfity. 

28.  When  heated  by  the  blow-pipe  with  phof- 
phate  of  foda  and  ammonia,  this  native  oxide 
melts  with  ebullition,  and  affords  a black  glo- 
bule 
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foule  when  entire,  but  of  which  the  fragments 
are  violet.  With  borax,  it  affords  a yellow 
green  compound  inclining  to  brown.  Similar 
iliades,  but  brighter,  clearer,  and  more  traiff- 
parent,  are  obtained  by  treating  the  carbonate  of 
titanium  with  the  fame  faits  ; which  appears  to 
depend  on  being  then  deprived  of  the  final  1 
portion  of  iron  which  it  contains  in  its  native 
ffate. 

29-  We  have  already  obferved,  that  when  in  a 
crucible,  heated  with  fix  parts  of  carbonate  of 
pot-afh,  the  native  red  oxide  of  titanium  melts, 
becomes  greenifh,  and  that  by  diluting  this 
mafs  in  water,  this  fluid  diffolves  the  cauftic  al- 
kali, and  leaves  the  carbonate  of  titanium 
infinitely  more  divided  than  it  was  in  its  native 
ftate.  This  refait  proves,  that  the  oxide  of  ti- 
tanium when  heated,  has  a ftronger  attraction 
for  carbonic  acid  than  pot-afh  has,  from  which 
it  feizes  it  ; and  as  an  hundred  parts  of  the 
oxide  weighed  1 57,  after  this  operation,  though 
the  carbonate  of  titanium  lofes  only  0/25,  of 
carbonic  acid  by  calcination,  it  is  evident,  that 
the  oxide  of  titanium  befides  the  carbonic  acid, 
lias  alfo  abforbed  near  0,11  of  oxigen  during 
its  treatment  with  the  alkaline  carbonate.  This 
accurate  experiment  ind  uced  Citizens  Vauquelin 
and  Hecht  to  fuppofe  contrary  to  the  opinion 
of  Mr.  Klaproth,  that  by  the  effedt  of  its  alka- 
line fufion,  the  native  oxide  of  titanium  becomes 
more  burned  than  before,  and  in  conference  of 
that  procefs,  becomes  more  foluble  in  the  muria- 
tic 
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tic  acid.  We  muft,  neverthelefs  add,  that  its 
ftate  of  divifion  alfo  contributes  to  render  it 
foluble,  fin  ce,  by  heating  it,  and  merely  depriv- 
ing it  of  carbonic  acid,  the  Ample  concentra- 
tion, or  condenfing  of  its  particles,  is  fufficieni 
to  deprive  it  of  its  folubility. 

K.  Ufes. 

30.  It  is  fear  cel  y to  be  prefumed,  that  titan* 
lam  can  become  ufeful  in  its  metallic  form  fo 
long  as  no  means  fhall  be  difeovered  of  com- 
pletely reducing  and  fufmg  it  ; and  this  laft 
point  appears  very  difficult  to  be  obtained,  be- 
caufe  this  metal  appears  to  be  no  lefs,  but  pro» 
bahly  even  more  infufible  than  platina.  In  its 
hate  of  oxide,  particularly  when  purified  and 
attenuated  by  fufion  with  the  alkalis,  it  may  be 
ufed  with  much  advantage  to  colour  enamels 
pottery  and  porcelain.  It  is  alfo  ufed  to  af- 
ford a fine  ftrong  yellow  on  the  porcelain  of 
Berlin  ; and  though  it  has  been  rejected  as  a 
brown  at  the  manufacture  of  Sevres,  where  it  was 
never  found  to  afford  a uniform  tinge,  this  no 
doubt  arifes  from  the  operators  having  taken  the 
native  oxide  in  which  a portion  of  iron  may 
caufe  the  vitrification  and  fhade  to  vary  ; but 
when  purified  and  more  oxided,  it  may  be  ufed 
to  com  pole  a brilliant  yellow  colour  as  is  found 
to  be  the  cafe  at  Berlin.  Befides  which,  when  its 
ftate  of  oxidation  is  varied  and  it  is  mixed  with 
other  oxides,  we  may  expect  to  obtain  violet, 
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orange,  brown,  and  green  colours  of  a variety 
of  tints» 


Article  VII, 

y 

Concern  in  g V ran  i ie , 

A.  Hijlory . 

1.  In  the  month  of  October  1789,  a letter 
of  Mr.  Orel  l,  infer  ted  in  the  Journal  of  Phyfic, 
informed  the  French  chemifts,  that  Mr.  Kla- 
proth, of  Berlin,  had  difcovered  in  the  pech- 
blende and  green  glimmer  of  Saxony,  a new' 
femi-metal  which  he  named  uranite.  It  was 
announced,  that  this  metal  was  more  difficult 
to  reduce  than  manganefe,  that  its  external 
colour  was  grey,  and  that  internally  it  inclined 
to  a light  brown  ; that  its  fpecihc  gravity  was 
15,440,  its  brilliancy  fcarcely  confiderable,  and 
its  hardnefs  moderate  ; that  it  could  be  fcraped 
and  filed  ; that  its  oxide  afforded  by  the  affift- 
ance  of  a flux,  a deep  of  ange  colour  for  porce- 
lain. 

2.  In  April  1790,  the  differtation  of  Mr, 
Klaproth  on  this  new  metal  was  inferted  entire 
in  the  fame  journal.  The  following  is  the  order 
in  which  the  author  has  arranged  his  work  ; it 
is  divided  info  twenty-nine  paragraphs. 

The  flrft  paragraph  exhibits  the  opinion  of 
authors  refpeeting  the  peçh-blende  of  George 

Wagsfort| 


U R A N I T E « 


i 


ï 


■ 

/ Ù 


Wagsfort,  John  at  Georgenftadt.  Mr.  Werner, 
ranked  it  among  the  ore  of  iron  ; and  fufpeéied 
that  it  confided  of  a combination  of  tungftic 
acid  with  metal. 

In  the  fécond  paragraph,  the  ore  of  the  new 
metal  is  jcarefully  described  and  diftinguifhed 
into  two  varieties  : the  fir  ft  of  a fteel  grey,  hav- 
ing the  fpecific  gravity  7,500,  mixed  with  par- 
ticles of  fulphuret  of  lead  ; the  fécond  blacker, 
more  brilliant,  lefs  hard,  accompanied  with  yeb 
lowifh  earth,  mixed  with  fquare  green  plates  of 
glimmer,  or  green  mica. 

In  the  third,  he  examines  the  pech-blende 
by  the  blow-pipe  without  addition,  and  with  fa- 
line  flux. 

In  the  fourth,  he  treats  it  in  the  retort  and 
by  roafting  ; he  obtained  fulphureous  acid  and 
ftilphur  ; he  obferves,  that  when  the  veffel  is 
open,  it  increafes  in  weight  after  having  loft  its 
fulphur. 

In  the  fifth,  he  examines  it  by  the  fulphuric 
and  by  the  nitric  acid,  which  diffolves  it  better 
and  feparates  the  fulphur. 

In  the  fixth,  he  treats  it  by  the  muriatic  and 
the  nitro-muriatic,  which  feparates  the  fulphur, 
develops  the  lead,  and  affords  cryftals  of  fait 
formed  by  the  new  metal. 

In  the  feventh,  he  defcribes  fome  properties 
of  its  nitric  and  nitro-muriatic  folutions. 

In  the  eighth,  he  fpeaks  of  its  precipitations 
by  the  pruffiate,  and  by  the  alkalis,  which  are 
con  flan  tly  yellow, 
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In  the  ninth,  he  announces  thofe  precipitated 
which  form  the  carbonates. 

In  the  tenth,  he  fiiows  the  folubility  of  the 
new  metal  precipitated  from  its  folutions  by  the 
acids;  it  is  greater  than  that  of  the  ores. 

In  the  eleventh,  we  find  that  pech- blende  is 
infoluble  in  the  alkalis. 

In  the  twelfth,  the  oxide  by  precipitation  is 
examined  by  the  blow-pipe,  and  by  the  fluxes  ; 
the  author  fpeaks  of  unfuccefsful  attempts  to 
reduce  it  by  means  of  the  fluxes. 

In  the  thirteenth,  and  fourteenth,  he  defcribes 
the  fucceffive  proceffes  by  which  lie  fucceeded 
heft  in  this  reduction. 

In  the  fifteenth,  renouncing  the  expectation 
of  afcertaining  the  properties  of  this  new  metal 
in  the  metallic  ftate,  he  examines  the  colour 
which  its  oxide  may  be  capable  of  giving  to 
glafs  and  to  porcelain. 

In  the  fixteenth,  concluding  from  all  the  ex- 
periments before  defcribed,  that  pech-blende 
contains  a new  metal,  he  names  it  uranium,  af- 
firming after  the  manner  of  the  ancient  philofo- 
phers,  the  name  of  the  new  planet  difcovered  by 
Herfchel,  Uranus. 

In  the  feventeenth,  he  examines  the  native 
metallic  oxide  of  uranite  in  a pure  ftate,  which 
is  found  in  the  mine  of  George  Wagsfort,  and 
is  the  yellowifir  earth  mentioned  in  his  fécond 
paragraph. 

In  the  eighteenth  and  nineteenth  paragraphs, 
he  refers  to  the  ores  of  uranite,  the  glimmer, 
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or  green  mica,  which  is  found  at  the  place  la  ft 
mentioned,  and  at  Eibenftock,  which  Bergman n 
iuppofed  to  be  muriate  of  copper,  and  was  called 
calcholite  by  foxne  mineralogifts,  but  is  merely 
the  oxide  of  uranite  coloured  by  the  oxide  of 
copper;  fome  fpecimens  contain  no  copper,  and 
have  the  yellow  colour  of  wax.  At  the  end  of 
his  diifertation,  he  concludes  that  we  muff  place 
uranite  as  a new  genus  among  the  brittle  metals 
of  difficult  fulion.  He  diftinguiffies  three  foe- 
cies,  1*  The  fulphu rebus  uranite,  of  which  there 
are  two  varieties,  the  ffrft  of  a deep  grey  mixed 
with  fulphuret  of  lead  ; the  other  black,  refem- 
bling  pit  coal.  2.  The  uranite  of  a yellow,  and, 
as  it  were,  earthy  oxide.  3.  The  uranite  cryff 
tallized  in  fquare  plates,  of  which  there  is  one 
variety  pure  and  yellow,  and  the  fécond  tinged 
green  by  the  oxide  of  copper* 


B.  Phyjical  Properties. 

3.  I have  given  this  hiftorical  notice  at  fome 
length,  becaufe  I was  defirous  of  diowinp-  the 
difficulties  Mr.  Klaproth  found  in  reducing  hi^ 
new  metal,  and  the  impoffibility  of  defcribing 
its  properties  in  the  prefen t date  of  our  know- 
ledge, at  the  fame  time  that  the  neceffity  of 
examining  the  properties  of  its  oxide  becomes 
more  evident.  I dial!  obferve,  that  the  word 
uranium,  adopted  by  thechemift  of  Berlin,  and 
hitherto  tranflated  into  French  bv  the  term 

uranite. 
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nranite,  appears  to  me  as  well  as  to  Citizen 
Guyton,  much  better  adapted  to  ouf  language 
by  converting  it  into  the  term  urane,  which  I 
fhall  hereafter  life. 

4.  If  we  condenfe  the  notions  we  pofiefs 
refpedting  the  phyfical  properties  of  ufanite,  of 
which  the  ores  have  hitherto  been  very  fcarce, 
and  which  no  French  chemift  has  yet  obtained 
metallic,  for  want  of  the  fubject  ; we  fhall  find, 
that  this  metal  has  not  been  obtained  except 
in  a mafs  flightly  coherent,  confifting  of  fmall 
agglutinated  globules,  like  many  of  the  pre- 
ceding metals.  Its  colour  of  a deep  grey,  ex- 
hibits a pale  brown  when  fcratched.  It  has 
little  brilliancy,  on  account  of  the  porofity  of 
this  agglutinated  mafs.  It  may  be  fcraped  with 

a knife  or  worn  bv  the  file.  It  is  as  it  were, 

*/ 

intractable  and  infufible. 

C.  Natural  Ilijlory . 

5.  Three  fpecies  of  the  ores  of  uranite  are  a i 
prefen t diftinguifhed. 

A.  The  fir  ft  is  the  fulphuret  of  uranite  ; it  is 
black,  of  various  depths  of  fhade,  brining  in  its 
fra  élu  re,  and  fonietimes  lamellated  ; tnis  is  the 
pech-blende  of  feveral  mineratogifis  ; its  fpecific 
gravity  is  between  6,37,  and  6,53 . Mr.  Kla- 
proth gives  its  fpecific  gravity  7,50.  The  fill- 
'phuret  of  zinc  with  which  it  has  been  con- 
founded, weighs  only  4,16.  It  contains,  as  it 
fhould  appear,  little  fulphur  ; it  often  affords 
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iron,  and  fulphuret  of  lead.  The  nranlte  exifts 
in  the  metallic  ftate.  Mr.  Klaproth  has  diflin- 
guiftied  two  varieties, 

B.  The  fécond  is  the  native  oxide  of  uraniteé 
It  always  exifts  in  the  form  of  yellow  powder  at 
the  iurface  of  the  fulphuret  ; there  are  brown  or 
black! Hi  varieties,  on  account  of  the  oxide  of 
iron  which  is  mixed  with  it  ; feme  mineral oMits 

7 o' 

have  given  it  the  name  of  u ran  ochre  in  this 
hate.  Its  fpecific  gravity  is  3,24.  When  it  is 
of  a pure,  equal,  and  bright  yellow,  it  may  be 
uled  in  chemical  experiments  as  a pure  oxide  of 
uranite. 

C.  The  third  ore  of  this  metal  is  the  native 
carbonate  of  uranite.  There  are  two  very.dif- 
tm'ct  varieties;  one  of  a pale  green,  and  fome- 
times even  ofafdvery  white,  according  to  Mr. 
Klaproth  ; this  contains  little  or  no  oxide  of 
copper;  it  is  very  fcarce  : the  other  is  of  a deep 
very  brilliant  green;  it  is  the  green  mica,  glim- 
mer, chalcholite,  or  brafs  hone  of  authors.  It 
has  fometimes  been  taken  for  mica,  fometimes 
for  iulphate  of  barites,  and  fometimes  for  a 
muriate  of  copper.  Mr.  Klaproth  has  pointed 
it  out  as  an  oxide  of  uranite  mixed  with  the 
oxide  of  copper.  It  has  fince  been  found  to 
contain  carbonic  acid.  It  is  cryftallized  in  final! 
iquare plates,  with  double  chamfers  at  their  ed^es, 
that  is  to  fay,  in  nafeent  octahedrons,  and  not 
truncated,  as  fo  many  mineralogies  have  falfely 
abler  ted.  Sometimes,  though  very  feldom,  it  is 
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found  in  complete  o&ahedrons,  Mr.  Klaproth 
mentions  it  as  exifting  in  the  cubic  form. 

The  native  uranite  has  not  been  found  either 
in  alloys,  or  with  its  oxide  combined  with  any 
other  acids  except  the  carbonic. 

I).  Afsay  and  Metallurgy . 

6.  There  are  no  regular  afFays  of  the  ores  of 
uranite,  and  ftill  lefs,  of  métallurgie  works 
on  this  metallic  fubftance,  which  has  only  been 
found  in  fmall  quantities  in  Saxony.  Mr.  Kla- 
proth having  to  a certain  point  fucceeded  in 
èxtraéting  the  metal,  we  may  confider  it,  and  I 
fhall  here  deferibe  his  procefs  as  a docimaftic 
method.  The  yellow  oxide  of  uranite  precipi- 
tated from  its  folutions  by  an  alkali  having  been 
mixed  with  honey  and  oil  to  form  a pafte,  he 
burnecKthe  mixture  in  a teft  : a black  powder 
remained,  which  had  loft  rather  more  than  one 
fourth  of  its  weight  ; this  was  put  into  a lined 
and  well-clofed  crucible,  and  expofed  to  heat  in 
a porcelain  furnace  in  contact  with  another  cru- 
cible, containing  as  terms  of  comparifon,  oxide 
of  manganele  treated  in  the  fame  manner.  After 
the  operation  of  the  heat,  the  latter  was  well 
reduced  ; but  the  oxide  of  uranite  was  beneath 
the  powder  of  charcoal  in  a coherent  mafs,  fri- 
able between  the  fingers  in  a black  lhining 
powder,  which  decompofed  the  nitric  acid 
with  effervefcence,  in  the  form  of  red  vapour  : 
whence,  Mr.  Klaproth  concludes  that  the  oxide 
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of  uranîte  was  reduced,  but  without  fufion,  be- 
caufe  it  is  ftili  Ids  fufible  than  mangauefe.  The 
fame  uranite  in  black  powder  was  placed  in 
a lined  teft  covered  with  calcined  borax,  and 
then  well-çlofed.  He  expofed  this  veffei  to 
the  hotteft  part  of  the  porcelain  furnace  : this 
treatment  afforded  him  the  metallic  mafs,  con« 
fitting  of  very  fmall  agglutinated  globules. 

7.  With  regard  to  the  affays,  the  following 
details,  which  belong  rather  to  the  oxide  than  to 
the  metal,  will  explain  the  proceffes. 

E.  Oxidability  by  the  Air . 

8.  Uranite  ignited  in  the  fire  with  expo- 
fure  to  air,  or  by  the  flame  of  the  blow-pipe, 
underwent  no  change,  ib  that  it  appears  to  be 
difficult  of  combuftion  and  oxidation.  In  an 
affay  with  phofphate  of  foda  and  ammonia,  the 
furface  of  the  globule  became  grafs  green* 

9.  The  yellow  oxide  of  uranite  does  not  melt  ; 
it  becomes  of  a brownifh  grey  when  long  heated 
in  contact  with  the  air.  It  is  not  known  whe- 
ther it  lofes  or  gains  oxigen  by  this  procefs. 

F.  Treatment  with  Combuflibles * 

10.  We  have  feen  that  this  oxide  is  reduced  by 
charcoal  with  heat.  No  experiment  has  yet  been 
made  to  unite  uranite  with  fulphur,  though  it  is 
very  probable  that  its  ore  might  be  artificially 
formed  in  this  manner.  Neither  is  its  combina- 
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tion  with  phofphorus  known.  It  appears,  that 
n rani te  combines  read i ly  with  it  fince  Mr. Richter, 
by  treating  the  oxide  of  uranite  with  bollocks 
blood  and  a forge-heat,  obtained  a button  fimilar 
to  cobalt  in  its  colour,  veiy  fhort  and  brittle 
which  as  Mr.  Gren  thinks,  was  manifeftly  phof- 
phorated,  and  owes  its  great  fufibility  to  the 
phofphorus  which  it  contains. 

11.  We  have  no  knowledge  refpedting  the 
alloys  of  which  titanium  may  be  fufceptible, 
and  we  find  no  experiment  relating  to  this 
objebl  among  thofe  of  Mr.  Klaproth. 

G.  Aêlion  upon  Water  and  the  Oxides* 

IQ.  The  fame obfervation  applies  to  its  aétion 
upon  water  and  the  metallic  oxides  ; thefe  have 
not  been  appreciated,  neither  can  we  fay  any 
thing  refpediing  its  comparative  attrablion  for 
oxigem 

H.  Treatment  with  the  Acids . 

13.  Except  the  decompofition  of  the  nitric 
acid  by  uranite,  in  the  black  brilliant  powder 
which  I have  already  mentioned  in  the  article  of 
affay,  there  is  no  fact  yet  known  concerning 
the  mutual  ablion  of  this  metal  and  the  acids  ; 
but  the  action  of  thefe  burned  bodies  upon  the 
oxide  of  uranite  has  been  better  appreciated  ; 
the  principal  part  of  the  labours  of  Mr.  Klaproth's 
inquiry  conflits  in  this,  and  the  moft  remarkable 
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characters  of  the  metal  here  treated  are  thus 
afcertained. 

14.  The  yellow  oxide  of  uranite  is  readily  dif- 
folved  in  the  fulphuric  acid  diluted  with  water, 
and  affords  by  evaporation,  a fait  of  a lemon 
colour,  in  fmall  prifms  united  in  bundles.  This 
fulphate  of  uranite  differs  in  its  colour,  its  form, 
and  its  other  properties  from  all  the  known  me- 
tallic faits. 

15.  The  nitric  acid  alfo  diffolves  the  oxide  of 
uranite  with  much  facility  ; the  folution  by 
gentle  evaporation  affords  large  cryftals  in 
hexagonal  tables  of  a light  or  yellowifli  green, 
which  are  very  regular.  This  nitrate  of  uranite 
is  one  of  the  moft  beautiful  metallic  faits  we 
know  of. 

Id.  The  muriatic  acid  alfo  diffolves  tne  oxide 
of  uranite,  and,  according  to  Mr.  Richter,  af- 
fords fmall  yellowifli  cryftals  of  muriate  or 
uranite,  which  are  deliquefcent. 

17.  The  fluoric  acid  combines  with  this  oxide,, 
diffolves  it,  and  forms  a cryflallized  fait  un- 
changeable in  the  air. 

18.  The  phofphoric  acid  united  to  the  oxide 
of  uranite,  forms  yellowifli  white  flakes  {lightly 
foluble  in  water. 

19.  Arfenical  acid  unites  with  this  oxide  by 
decompofmg  the  nitrate  of  uranite  by  the  alka- 
line arfeniates.  A precipitate  of  whitifh  yellow 
is  thus  obtained. 

20.  The  molybdate  of  uranite  is  alfo  obtained 
according  to  Mr.  Richter,  in  powder  of  a yel- 
low 
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low  white,  with  browniih  reflections,  by  pouring 
the  folution  of  molybdate  of  pot-afh  into  the 
nitrate  of  this  metal. 

21.  The  acid  folutions  of  the  oxide  of  uranite 
are  precipitated  by  the  alkaline  lulphurets  in  a 
browniih  yellow,  and  their  furface  is  at  the  fame 
time  covered  with  a grey  metallic  pellicle  : 
the  infufion  of  nut-gall  thrown  into  one  of  theft 
folutions,  of  which  the  excefs  of  acid  has  been 
abforbed  by  an  alkali,  forms  a chocolate-brown 
precipitate.  Zinc,  iron,  and  tin  plunged  in 
the  folution  feparate  nothing,  and  produce  no 
modification  in  its  colour,  either  with  or  without 
heat.  The  fixed  alkalis  precipitate  from  thefe  folu- 
tions a lemon-yellow  coloured  oxide  of  uranite. 
Ammonia  affords  a yellower  precipitate;  the 
alkaline  carbonates  feparate  a carbonate  of 
uranite  of  a white  yellow,  which  is  re-diffolved 
in  an  excefs  of  tine  précipitants. 

I.  Treatment  with  the  Bafes  and  the  Salts* 

22.  The  fixed  alkalis  do  not  diffolve  uranite 
nor  its  oxide  in  the  humid  way,  even  at  the 
boiling  heat  ; the  oxide  merely  allumes  a deep 
brown  colour.  The  alkaline  carbonates,  on  the 
contrary,  diffolve  it  eafily,  and  the  acids  pre* 
cipitate  from  thele  folutions  an  oxide  of  a clear 
yellow  colour. 

23.  The  oxide  of  uranite  combines  with  the 
faline  fluxes,  and  communicates  different  colours 
to  them  according  to  their  nature,  proportion, 
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andftate.  Among  others,  the  following  coloura- 
tions are  known. 

A.  Eight  parts  of  prepared  filex,  four  parts 
of  pot-afh,  and  half  a part  of  the  oxide  of 
uranite  afford,  by  fuffon,  a glafs  of  a bright 
tranfparent  brown  colour.  Soda  fubftituted  to 
pot-alh  in  this  compofition,  produces  a glafs  of 
a grey  black. 

B.  One  part  of  the  oxide  of  uranite,  eight 
parts  of  filex,  and  the  fame  quantity  of  calcined 
borax,  afford  a glafs  fimilar  to  the  fmoky 
topaz. 

C.  The  fame  proportion  of  filex,  oxide  of 
uranite,  and  vitreous  phofphoric  acid  afford 
an  apple- green  enamel  fimilar  to  the  prafe  or 
chryfo-prafe. 

D.  Half  a part  of  this  oxide,  and  eight  parts 
of  the  vitreous  phofphoric  acid  fufed  together, 
afford  a tranfparent  glafs  of  the  colour  of  the 
emerald. 


K.  Uses. 

^4.  Uranite  has  not  yet  been  employed  on 
account  of  its  fcarcity,  and  the  few  experiments 
to  which  it  has  yet  been  fubjedfed.  It  is  evident 
from  what  has  been  here  ftated,  and  from  the 
obfervation  of  the  orange  colour  which  its  oxide 
gives  to  porcelain,  that  it  may  be  ufed  for  the 
fabrication  of  coloured  glafs;  enamel,  pottery, 
and  porcelain. 
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Article  VIII. 

Concerning  Cobalt . 

O 

A.  rHJtory > 

I.  COBALT,  alfb  denominated  coheir  occa- 
sionally, was  unknown  to  the  ancients,  who 
made  their  blue  enamels  with  certain  prepara- 
tions of  iron  according*  to  Gmelin,  was,  as  it 
appears,  employed  and  known  for  vitrification 
of  a blue  colour  about  the  end  of  the  fixteenth 
century.  Preufsler  in  1571,  Jenitz,  and  Harren 
in  1575,  were  the  fir  ft  who  eftablilhed  manu- 
factories of  glafs  of  cobalt  in  Bohemia  and  in 
Saxon}o  It  was  about  the  year  17 32,  that 
Brandt,  a Swedifh  chemift,  extracted  with  fome 
care  cobalt  from  its  ores,  and  announced  it  to 
be  a peculiar  metal,  different  from  all  other 
metals.  Lehman,  in  his  Cadmiology  publiilied 
in  1761,  ftudied  its  hiftory  and  properties  with 
much  depth  and  detail  from  the  time  in  which 
he  wrote  ; but  his  attention  was  more  occupied 
with  its  ore  and  vitreous  blue  than  with  the 
metal  itfelf.  Bergmann  has  added  much  to  what 
was  known  before  his  time  ; he  gave  greater 
accuracy  to  the  works  of  his  predeceffors  in  the 
examination  of  this  metal.  He  deferibed  it§ 
refemblances  and  differences  compared  with 

nickel, 


COBALT. 


185 


nickel,  manganefe  and  iron,  to  which  cobalt 
confiderably  approaches,  and  fliowed  that  it  is 
v e ry  d i Mi c u 1 1 1 o p u r i fy . Scarcely  any  thin  g h as 
been  done  with  regard  to  it  tince  his  time. 
Molt  of  the  fyftematical  authors  have  treated N 
Mightly  of  it.  Macquer  in  his  dictionary  of 
chemiftry,  has  given  only  half  a page  of  fome 
inaccurate  general  notions  refpeding  this  metal. 
For  the  moft  part  it  has  been  too  much  neg- 
lected in  chemical  works.  Some  chemifts  hill 
confider  it  as  an  allov.  Vfe  fliall  fee  how  littlf 
foundation  there  is  for  this  opinion. 

B.  Pkyfical  Properties . 

l ■ , . i . 

9.  Cobalt  extracted  and  purified  by  the  pro- 
cédés hereafter  to  be  defcribed,  is  of  a grey 
colour,  inclining  to  rofe  or  red,  of  a very  fine 
ciofe  granulated  texture.  Its  fracture  is  rough, 
and  exhibits  no  indication  of  plates.  It  is, 
eafily  reduced  into  very  fine  powder,  which  is 
grey  and  of  little  brilliancy.  It  lias  always 
been  ranked  among  femi-metals  on  account  of 
its  brittlenefs.  Its  fpecific  gravity  is,  according 
to  Bergmann  7,700,  and  according  to  Citizen 
Guyton  7,811.  This  laft  chemift  gives  it  the 
fixth  rank  among  the  metals  for  its  hardnefs. 
Replaces  it,  for  its  property,  near  tin,  after  zinc, 
and  gold,  and  before  lead  and  antimony.  It 
has  no  determinate  tafte  nor  fmell,  neverthelefs, 
^hen  rubbed  for  a long  time  between  the  fingers 
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it  flains  them,  and  leaves  a perceptible  impreffion 
in  the  mouth  and  nofe. 

3.  The  conducting,  electric,  and  dilatable 
properties  of  cobalt  have  not  been  compara- 
tively examined  with  regard  to  the  other  me- 
tals. Some  authors  have  pretended,  that  it 
is  magnetic  of  itfelf  ; but  it  is  probable,  that 
this  magnet] fm  is  owing  to  a fmall  quantity 
of  iron,  which  remains  almoft  always  alloyed 
with  cobalt,  and  from  which  it  is  very  difficult 
to  clear  it. 

4.  Cobalt  is  one  of  the  moft  difficult  metals 
to  fuie.  Neverthelefs,  it  does  not  approach  the 
infufibility  of  titanite,  uranite,  chrome,  nor 
even  platina  and  manganefe.  Many  authors  have 
ranked  it  with  iron  on  account  of  this  property, 
and  Citizen  Guyton,  in  fa6i,  eflimates  its  fuli- 
biiity  at  130  degrees  of  the  pyrometer  of  Wedg- 
wood, like  that  of  iron.  Mr.  Kirwan  compares 
its  fufibility  to  that  of  copper  ; but  it  is  much 
lefs.  It  ignites  long  before  it  melts.  It  flows 
difficultly,  or  it  has  only  a thick  fufion  in  our 
furnaces.  When  fuffered  to  cool  flowly,  and  by 
decanting  the  liquid  portion  from  the  midft  of 
its  mafs  already  fixed  on  the  edges,  we  find  the 
cavity  lined  with  prifmatic  cryftals,  or  cryftals 
in  needles  amafled  together,  which  the  lens  fhows 
to  be  placed  irregularly  one  upon  the  other, 
like  the  broken  prifms  of  bafaltes.  This  cryftal- 
lization  fucceeds  very  well,  by  inclining  the 
crucible,  which  contains  the  melted  metal,  at 
the  moment  in  which  its  furface  fixes;  in  pro-. 
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portion  as  the  liquid  portion  flows  off,  the  other 
part  which  adheres  to  the  congealed  niafs  pre- 
lents  thefe  accumulated  prifms. 


C.  Natural  Hiflory. 

5.  We  aïe  as  yet  acquainted,  with  precifion, 
with  only  four  ftates  of  cobalt  in  nature,  or  four 
ores  of  this  metal  ; for  it  has  never  been  found 
pure  or  native  in  the  earth.  In  the  firft,  it  is 
alloyed  with  arfenic  both  in  the  metallic  hate  ; 
in  the  fécond,  the  metal  is  combined  with  ful~ 
phur  and  arfenic  at  the  fame  time  ; the  third  is 
an  oxide  of  cobalt,  and  the  fourth  an  arfeniate 
of  the  fame  metal. 

6 . The  firft  fpecies,  arfeniated  cobalt,  com- 
monly called  arfenieal  ore  of  cobalt,  is  of  a 
grey,  or  more  or  lefs  brilliant  white  colour,  fome- 
times  mixed  with  red,  of  a clofe  grain,  fimilarto 
that  of  cobalt,  without  perceptible  laminae  in 
its  fracture,  and  of  the  fpecific  gravity  7,72  ; 
whiter  and  more  brilliant  when  cryftallized  than 
in  its  irregular  pieces,  in  which  laft  form  it  imi- 
tates the  beautiful  white  of  filver.  Its  varied 
forms  are  the  fmooth  cube,  the  octahedron,  the 
cubo-octahedron,  or  cube  with  eight  angular 
facets.  The  fragments  of  this  arfeniated  cobalt, 
plunged  in  the  flame  of  a candle,  emit  a vapour, 
having  the  fmell  of  garlic:  by  the  blow  pipe, 
this  vapour  is  more  abundant,  and  the  heated 
niafs  becomes  attractable  by  the  magnet  ; which 
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feeins  to  lîiow  that  this  ore  contains  a final! 
quantity  of  iron. 

7.  The  fécond  fpecies  denominated  grey  co- 
balt by7  Citizen  Haiiy,  becaufe  its  nature  is  not 
yet  well  determined,  but  which  lèverai  minera- 
logifts  have  called  the  arfenieo-fulphureous  ore 
of  cobalt,  or  cobalt  with  iron  and  arfenic, 
mineralized  with  fulphur,  differs  from  the  pre- 
ceding by  its  grey  colour  of  tin,  and  a flight ly 
yellowifh  colour  internally;  by  its  lefs  fpecific 
gravity,  which  lies  between  6,33  and  6,45  ; by 
its  very  laminated  ftrutfure  ; by  the  abfenee  of 
the  vapour,  and  fmellof  garlic,  when  prefen  ted  to 
the  flame  of  a candle;  by  both  thefe  properties 
by  the  blow-pipe,  though  lefs  ftrong  than  in  the 
ateci  cobalt  ; and  by  its  not  becoming  attrac- 
le  by  the  magnet,  like  the  former  when  it  has 
been  heated.  'T  his  ore,  of  which  the  form  of  the 
nucleus  is  the  cube,  a heels  in  its  fecondary  forms 
the  octahedral,  dodecahedral,  with  pentagonal 
faces,  the  icofahcdral,  the  cubo-dodecahedral  fo- 
il'd, and  the  cubo-icofahedral  folid,  like  the  fui- 
phuret  of  iron,  which  is  often  found  mixed  with 
it.  The  cubo-dodecahedral  cryhals  which  are  fre- 
quently found  in  this  cobalt,  have,  like  thofe  of 
the  fulphuret  of  iron,  their  facets  reSangular, 
charged  with  longitudinal  breaks  in  different  di- 
rections upon  the  three  faces  not  parallel  to  each 
other.  This  fo  remarkable  analogy  in  the  form, 
gives  reafon  to  believe,  that  this  ore  is  a fulphuret 
of  iron  containing  cohalt.  Citizen  Haiiy  ob* 
ferves,  neverthelcfs,  that  there  are  varieties  of  grey 
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cobalt  which  arc  not  found  among  the  fulphurêts 
ot  iron,  and  among  others,  that  which  he  names 
partial  grey  cobalt,  becaufe  the  cuneiform,  or 
decahedron  or  octahedron,  with  two  rectangular 
marginal  facets  on  the  extreme  edges,  refuît 
from  laws  of  diminution,  which,  in  flea  d of 
being  repeated  on  all  the  parts  of  trie  nucleus 
fimilarly  fituated,  a 61  only  with  refpedt  to  fome 
of  them,  and  confequently,  have  only  a partial 
exiftence.  This  grey  cobalt  has  not  yet  been 
accurately  analyzed,  though  it  is  the  fpecies  of 
ore  moft  frequently  employed  in  fome  of  . the 

arts,  and  particularly  in  the  manufactures  of 
porcelain. 

8.  The  third  fpecies  is  the  black  oxide  of  co- 
balt, named  by  mineralogifts  black  cobalt  in 
efflorefcence,  or  vitreous  ore  of  cobalt  ; it  exiits 
in  black  friable  maffes  fimilar  to  fcoria,  or  in 
a black  efflorefcence,  foiling  the  fingers  and  often 
mixed  with  oxide  of  iron.  It  is  a pure  oxide 
of  cobalt. 

9.  The  fourth  fpecies  is  the  arfeniate  of  cobalt, 
named  by  mineralogifts,  flowers  of  cobalt,  or  co- 
balt in  efflorefcence.  Its  colour  is  lilac-grey  or  of 
peach-flower,  or> vine  lees;  fometimes  in  Ample 
efflorefcence,  fometimes  in  rofets  formed  of 
needles  of  a deep  colour  which  they  preferve 
even  after  pulverization,  and  fometimes  with 
four-fided  prifms  terminating  in  fummits  of  two 
faces.  When  heated  upon  charcoal,  it  emits  a 
itrong  odour  of  garlic,  and  then  lofes  its  colour 
and  becomes  black.  It  is  frequently  diffé- 
rai na  ted 
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minated  in  powder  upon  oxides  of  iron?  of  cop- 
per, upon  the  mixed  ores  containing  native 
filver,  and  in  this  fituation,  mineralogifts  have 
improperly  called  it  the  goofe-dung  filver  ore, 
on  account  of  the  very  varied  ihades  which  the 
different  oxides  mixed  in  this  foffil  prefent. 

10.  Moft  mineralogies  have  enlarged  the 
catalogue  of  ores  of  cobalt  greatly  beyond  what 
is  here  prefented.  They  have  deferibed  a ful- 
phureous  ore  of  cobalt,  or  pure  fulphuret  of 
cobalt  difcoVered  in  1742,  by  Brandt,  at 
Baftnaes  near  Riddarhytan,  in  Sweden  ; but 
Cronftedt,  Wallerius,  Rome  de  Lifle,  have  confi- 
dered  it  as  fulphurated  iron  containing  cobalt, 
or  fulphurated  cobalt  containing  iron,  whereas 
Bersrnann  thinks  that  the  cobalt  and  iron  are 
merely  contaminated  with  fulphuric  acid,  and 
admits,  on  the  other  hand  of  a fulphurated 
cobalt  containing  very  little  fulphur.  There  is, 
confequently,  much  uncertainty  refpeéting  this 
ore,  which  is  not  known  to  the  French  minera- 
logifts,  and  is  deferibed  with  much  variation, 
and  even  oppofition  by  different  authors.  Baron 
de  Born  who  makes  this  reproach,  indicates  a 
fulphurated  oxide  of  cobalt  which  is  alfo  re- 
jected by  other  mineralogifts. 

1 1.  The  cobalt  tricoté  of  the  mineralogifts  is 
likewife  not  a true  ore  of  this  metal  ; it  is  merely 
filver  in  dendrites,  altered  by  its  union  with  arfe- 
nic  and  cobalt.  The  name  of  teftaceous  cobalt 
has  alfo  been  improperly  given  to  the  native 
fcaly  arfenic,  and  I have  remarked  in  the  hift 
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tory  of  this  laft  metal,  that  this  very  dangerous 
error  is  frequently  committed  in  the  (hops  of 
druggifts. 

12.  The  four  ores  of  cobalt,  diftinguiflied 
and  defcribed  before,  are  found  at  Baftnaes,  and 
in  other  parts  of  Sweden,  and  in  Hungary,  in 
Auftria,  in  Bohemia,  in  France,  in  the  Pyrenees, 
in  Vofges,  and  in  a great  number  of  other  places. 

D.  A O' ay  and  Metallurgy. 

13.  In  order  to  affay  the  ore  of  cobalt  in  the 

dry  way,  and  to  determine  how  much  metal  it 
will  afford,  it  is  pounded,  wafhed,  and  roafted  in 
an  open  teft,  continually  ftirring  it  till  it  no 
longer  affords  any  vapour  of  arfenic.  The 
oxide  of  cobalt  of  this  roafting,  which  has  the 
form  ot  black  powder,  is  mixed  with  three  times 
its  weight  of  black  flux,  and  a fmall  quantity 
of  decrepitated  muriate  of  foda  ; this  mixture 
is  melted  in  a lined  crucible,  covered  and  expofed 
to  the  heat  of  a forge  ; when  the  fufion  is  com- 
pleted, and  the  matter  perfectly  liquid,  the  cru- 
cible is  (lightly  agitated  and  gently  (truck  with 
an  iron  rod,  in  order  to  collect  together  the  me- 
tallic globules,  and  caufe  them  to  precipitate. 
When  the  cold  crucible  is  afterwards  broken,  it 
is  frequently  feen,  that  two  metallic  buttons 
have  been  precipitated  beneath  a welhfufed  vi* 
treous  fcoria  ; the  cobalt  occupies  the  upper 
place,  and  bifmuth  the  lower,  becaufe  it  is  the 
heavier  ; a blow  of  the  hammer  inftantly  fepa- 
v rates 
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rates  them.  Thefe  two  metals  are  obtained  m 
the  affay,  becaufe  the  ores  of  cobalt  are  very 
frequently  mixed  with  thole  of  bifmuth  ; but 
they  are  not  obtained  when  the  ore  of  cobalt  is 
carefully  (elected,  and  accurately  ieparated  from 
that  of  bifmuth.  We  muft  ohferve,  that  the  co- 
balt thus  obtained  contains  almoft  always  arfe- 
nic,  nickel,  and  iron  ; and  we  fhall  hereafter 
fhow  how  it  may  be  purified.  Neverthelefs,  by 
ufmg  well-cry  flail  ized  grey  cobalt,  we  may  pro- 
cure the  metal  as  pure  as  poffible,  by  the  fimple 
procefs  of  reduction  here  defcribed  ; the  richeft 
ores  afford  from  60  to  80  per  cent,  and  the 
poorefl  only  25. 

14.  Bergmann  and  Kir  wan  have  defcribed  me- 
thods for  the  humid  affay  of  the  cobalt  ores. 
They  confift  in  treating  them  by  the  nitric  acid, 
which  oxides  and  diffolves  the  cobalt  and  the 
iron  ; thefe  oxides  are  precipitated  by  the  car- 
bonate of  foda,  then  wafhed  and  feparated  by 
the  nitric  acid,  which  diffolves  that  of  cobalt, 
without  touching  the  iron.  The  ores  of  co- 
balt, which  contain  the  oxide  of  the  metal,  are 
eafily  attacked  by  the  muriatic  acid.  Thofe 
which  are  difficult  to  diffolve  in  the  firft  men- 
tioned acids,  are  foluhle  in  the  nitro-muriatic. 
Benrmann  confidered  moft  of  the  ores  of  cobalt 
as  containing  this  metal  in  the  native  (fate  ; and 
he  did  not  admit  the  ftate  of  oxide,  excepting 
in  the  vitreous  ore  and  the  arfeniate  of  cobalt. 

15.  Scheffer  advifes  to  afcertain  and  deter- 
mine the  colouring  property  of  the  ores  of 
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cobalt,  be  eau  le  it  is  by  this  property  that  they 
are  ufeful  to  the  arts,  and  for  this  purpofe  he 
directs  tufion  with  three  parts  of  common  pot- 
afli,  and  five  parts  of  glafs  in  powder;  this  pro- 
cefs  is  far  from  being  as  accurate  and  ufeful  as 
it  feems  to  be.  It  is  neceffary  to  feparate  the 
fulphur  and  arfenic  by  previous  roafting,  and  to 
oxide  the  cobalt  in  order  to  render  it  more  fuf- 
ceptible  of  combination  with  glafs  : this  method 
even  then  has  little  real  advantage,  becaufe  it 
does  not  afford  an  accurate  term  of  comparifon 
between  the  different  matters,  vitrified  and 
coloured  blue  by  this  oxide.  It  can  only  be  com 
fidered  as  an  approximation  of  fome  ufe  to  direct 
works  on  a large  fcaie. 

16.  The  ores  of  cobalt  are  wrought  in  the 
large  way,  but  not  for  the  purpofe  of  extrading 
metal.  After  pounding  and  wafhing  the  ore, 
whatever  may  be  its  nature,  it  is  roafted  in  a 
furnace,  which  terminates  in  a long  horizontal 
gallery,  confiructed  of  boards,  and  ferving  for 
the  ufe  of  a chimney  ; during  the  roafting,  the 
arfenic  is  always  contained  in  the  ore  of  cobalt 
(for  we  muft  remark,  that  it  aim  oft  conftantly 
happens  that  two  or  three  of  the  four  fpecies  of 
ores  above  deferibed,  are  found  together  in  the 
veins  or  malles  of  cobalt  mineral  extracted  out 
of  the  earth)  ; this  arfenic  oxides  and  fublimes 
in  the  gallery,  where  it  is  depofited,  one  ftratum 
after  another,  and  from  whence  it  is  detached 
from  time  to  time  under  the  name  of  white  arfe- 
nic.- If  the  ore  be  mixed  with  bifmuth,  this 
Vol.  V.  O metal 
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metal  is  reduced,  fpeedily  fufed,  and  is  coltefted 
at  the  bottom  of  the  furnace  ; the  cobalt  re- 
mains in  the  hate  of  black  pulverulent  oxide, 
which,  when  mixed  with  two  or  three  times  its 
weight  of  flint,  ignited  and  pounded,  forms  the 
kind  of  grey  powder  fold  in  commerce  under 
the  name  of  zafre.  This  being  fufed  with  three 
times  its  weight  of  black  flux,  a fmall  quantity 
of  oil,  or  tallow,  and  muriate  of  foda,  in  a lined 
crucible,  is  often  ufed  in  the  laboratories  of  ehe- 
miftry  to  obtain  the  metallic  cobalt  when  its  ore 
is  not  to  be  procured.  It  is  neceflary,  indeed, 
to  ufe  much  flux,  and  a very  ftrong  fire,  to  re- 
duce and  liquefy  this  metal  fo  as  to  obtain  it  in 
the  form  of  a button;  it  is  alfo  frequently  im- 
pure, by  mixture  with  iron,  arfenic,  and  nickel  ; 
bifmuth  is  alfo  feparated:  fo  that  we  ought  not  to 
have  recourfe  to  this  mixed  oxide,  excepting 
when  we  cannot  procure  the  pure  ore  of  cobalt. 
We  may  wafh  it  before  reduction  and  fufion  in  or- 
der to  carry  off  thefilex,  and  leave  the  oxidealone. 
In  this  manner  near  one  half  of  the  mafs  is 
fubt rafted,  which  is  earth,  and  the  metallic 
oxide,  remaining  after  the  washing,  affords  one 
fourth  of  its  weight  of  the  metal. 


E.  Oxidability  by  the  Air. 

17.  Cobalt  oxides  without  its  being necef- 
fary  to  fufe  it  ; for  it  is  fufficient  that  it  be  heated 
and  (lightly  ignited  in  a (hallow  veffel,  or  large 
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teft  ; by  agitation  in  the  air,  its  powder  lofes  its 
ruddy  colour  and  brilliancy  ; it  firft  becomes  of 
a deep  grey,  which  gradually  becomes  black,  or 
rather  of  a blue,  fo  intenfe,  that  it  appears 
black.  By  a very  violent  fire  this  laft  oxide 
flows  into  a blue-black  glafs.  Cobalt  fufed 
with  the  contact  of  the  air,  becomes  covered 
with  a tarnifhed  pellicle,  which  is  merely  a 
commencement  of  oxidation,  and  affords  the 
fame  black  powder  when  heated  and  agitated 
for  a 1 ong  time  in  the  atmofphere. 

18.  The  temperature  at  which  fufed  cobalt 
may  be  inflamed,  has  not  yet  been  determined. 
It  appears  to  abford  0,40  of  its  original  weight 
of  oxide  by  oxidation.  Citizen  Guyton  placed 
it  in  the  firft  rank  of  oxidability,  befide  manga- 
nefe,  iron,  zinc,  and  nickel.  The  characleriftic 
and  moft  ufeful  property  of  its  oxide  is,  that  of 
affording  a blue  glafs  by  fufion,  and  of  very  in- 
tenfely  colouring  with  the  fame  tinge  all  the 
iubftances  with  which  it  may  be  vitrified  ; it  is 
eafily  reducible  by  charcoal,  which  takes  from 
it  at  the  red  heat,  its  oxigen  ; it  does  not  give 
out  this  principle  by  the  mere  adtion  of  caloric 
or  light. 

F.  Union  with  Combujlibles . 

19-  The  combination  between  azote,  hidro- 
gen,  carbon,  and  cobalt,  is  not  known,  though 
it  is  not  improbable,  that  thefe  combinations 
lexift, 
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20.  Pelletier  has  afcertainecl  the  union  of  co- 
balt with  phofphorus.  By  projecting  final! 
pieces  of  phofphorus  upon  cobalt,  ignited  in 
fmall  fragments  in  a crucible,  the  cobalt  imme- 
diately becomes  fufed  ; in  this  manner  it  abforbs 
about  a fifteenth  of  its  weight  of  phofphorus, 
and  exhibits  on  its  furface  a cruft  of  violet  role" 
coloured  oxide.  The  fame  phofphoret  of  co- 
balt is  formed  by  fufing,  in  a crucible,  a mixture 
of  equal  parts  of  vitreous  phofphoric  acid  and 
cobalt,  mixed  with  an  eighth  of  their  weight 
of  powder  of  charcoal  I11  proportion  as  the 
acid  paftes  to  the  ftate  of  phofphorus,  it  unites 
with  cobalt,  which  becomes  melted  ; and  at  the 
bottom  the  phofphoret  of  cobalt  is  obtained, 
covered  with  a glafs  of  a beautiful  blue.  The 
phofphoret  of  cobalt,  prepared  by  either  of  thefe 
procefles,  is  exactly  the  fame  compound  : it  is 
of  a bright  metallic  colour,  whiter  than  cobalt, 
inclining  to  blue,  brittle,  and  (lightly  needled  in 
its  fracture.  It  is  more  brittle  than  the  metal, 
and  lofes  its  brilliancy  in  the  air;  when  heated 
and  kept  in  fufion  by  the  blow-pipe,  the  phof- 
phorus is  difengaged  from  the  metallic  globule, 
and  burns  on  its  furface  ; and  at  length  there 
remains  a vitreous  globule  of  a deep  blue;  which 
proves  that  the  cobalt  is  fpeedily  oxided  by  the 
.fufion  and  combuftion  of  the  phofphorus  in  the 
air,  in  proportion  as  this  laft  principle  is  dif- 
engaged. 

21.  Sulphur  does  not  unite  with  cobalt  but 
with  difficulty,  fo  that  the  union' with  thefe  two 
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combuftible  bodies  is  not  known,  but  they  may 
be  combined  with  the  affiftance  of  the  alkalis. 
This  metal  is  ioluble  in  the  alkaline  fulphurets  in 
the  dry  way,  and  the  relu  It  is  a fulphuret,  with 
large  facets  of  a white  or  yellowifh  colour,  a 
kind  of  artificial  ore,  from  which  fire  difengages 
the  fulphur  very  imperfectly,  and  which  cannot 
be  decompofed  but  by  the  acids. 

22.  Cobalt,  alloyed  with  many  metallic  fub~ 

fiances,  forms  granulated  and  brittle  me- 
tals ; it  unites  to  arfenic,  which  it  retains 
with  great  power,  and  from  which  it  cannot  be 
cleared  but  with  much  difficulty.  A 

G.  All  ion  upon  Water  and  Oxides . 

23.  Coba  lt  acts  neither  upon  water  nor  upon 
the  metallic  oxides,  neither  has  this  metal  fuff 
ficient  attraction  for  oxigen  to  feize  it  from 
thofe  bodies. 


H.  ABion  upon  the  Adds . 

24.  All  the  acids  attack  either  cobalt  or  its 
oxide.  The  concentrated  and  boiling  fulphuric 
acid  is  decompofed  by  this  metal  ; fulphureous 
acid  gas  is  difengaged;  a grey  denfe  matter  is 
formed  inclining  to  a role  colour.  If  this  fpe- 
cies  of  magma  be  lixiviated,  water  diffolves  the 
fulphate  of  cobalt,  and  affords  a light  grey  fluid. 

The 
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The  green  folution  dcfcribed  by  fome  authors 
is  owing  to  nickel,  which  cobalt  fometimes  con- 
tains ; but  this  colour  is  never  feen  with  very 
pure  cobalt  : the  fame  obfervation  applies  to  the 
two  kinds  of  cryftals  obtained  by  this  folution, 
which  are  mentioned  by  many  chemifts.  The 
fulphate  of  cobalt  cryftallizes  in  fin  all  needles,  or 
in  tetrahedral  prifms,  rhomboidal,  terminating  in 
fummits  of  two  faces.  This  redd  ill  i fait  is  de- 
compofable  by  lire,  and  alio  affords  an  oxide  of 
cobalt  hightly  grey,  or  blaekilh,  if  urged  by  a 
ftrong  heat.  It  melts,  fwells  up,  and  boils  with 
noife  before  the  blow-pipe.  The  alkalis  and  alka- 
line earths  decompofe  it,  and  precipitate  an 
oxide  of  a yellow  colour,  inclining  to  rofe  or 
flefli- colour  ; one  hundred  parts  of  cobalt  af- 
ford an  hundred  and  forty  parts  of  this  precipi- 
tate by  the  pure  alkalis.  When  the  precipita- 
tion is  made  by  the  alkaline  carbonates,  160 
parts  of  precipitate  are  obtained  from  100  parts 
of  carbonate  made  ufe  of.  The  oxide  of  cobalt 
in  the  form  of  zafre,  is  eafily  diffolved  in  the 
diluted  fulphuric  acid,  and  conftitutes  a fait 
fimilar  to  that  which  is  prepared  with  the  metal. 

25.  Cobalt  decompofes  the  nitric  acid  with 
effervefcence,  and  difengagement  of  nitrous  gas, 
particularly  with  the  affiftance  of  a gentle  heat; 
the  metal  is  oxidcd  and  diffolves  in  the  acid. 
The  folution  is  of  a flefli  colour,  or  deep  violet  ; 
when  concentrated  it  inclines  to  brown.  By 
cautious  evaporation  it  affords  fmall  reddifli 
prifmatic  cryftals,  which  are  deliquefcent,  and 
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boil  upon  ignited  coal  without  detonation,  leav- 
ing a deep  red  oxide  after  their  decompofition 
by  fire.  The  precipitates  of  this  nitrate  of  co- 
balt, by  the  alkalis,  refemble  thofe  of  the  fuh 
phate,  excepting  that  their  colour  is  more  lively 
and  brilliant  ; and  accordingly  it  is  from  this 
fait  that  the  oxided  cobalt  is  almoft  always  pre- 
cipitated for  enamel  and  porcelain.  An  excefs 
of  alkali  re-diffolves  this  oxide  ; ammonia  more 
particularly  exhibits  that  property  while  the 
precipitate  is  fufpended  in  the  liquor;  never- 
thelefs,  when  it  is  depofited  and  condenfed, 
ammonia  may  be  ufed  to  dillolve  the  oxide 
of  nickel,  with  which  it  may  be  contaminated. 
The  nitric  acid  is  of  all  acids  that  which  the 
lead  readily  ditfolves  zafre,  or  oxide  of  cobalt^ 
mixed  with  flex. 

2b.  The  muriatic  acid  does  not  diffolve  co- 
balt without  heat;  by  the  affiftance  of  heat  it 
ditfolves  a fmall  portion  ; the  gas  which  is  dif- 
enffasred  during:  this  folution  has  not  been  ob~ 
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lerved  ; it  mu  ft  be  hydrogen  gas.  This  acid 
ditfolves  oxided  cobalt  with  great  facility  ; and 
the  more  ftrongly  it  is  oxided  the  more  ef- 
fectually is  the  action.  By  this  action  it  is  that 
the  whole  of  the  oxide  of  cobalt  is  taken  from 
zafre  by  the  muriatic  acid  : this  acid  alfo  takes 
it  from  the  fulphuric  acid;  it  forms  a folution 
of  a brown  red,  which  by  evaporation  affords  a 
muriate  of  cobalt  cryftallized  in  fmall  deliquef- 
cent  needles.  This  folution  is  remarkable  for 
the  property  of  becoming  of  a beautiful  green 
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when  heated  ; it  conftitutes  the  mo  ft  linking 
and  the  heft  known  fympathetic  ink;  it  muff  be 
diluted  with  water  until  colourlefs.  With  this 
fluid  writing  is  made  on  white  paper  ; the  cha- 
racters thus  formed  difappear  in  drying  ; but 
when  brought  near  the  fire,  the  paper  loon  ex- 
hibits the  letters  traced  of  a fine  pea-green  colour, 
which  difappear  in  cooling,  and  hill  preferve,  if 
they  have  not  been  too  ftrongly  heated,  the 
property  of  refuming  the  green  colour  by 
heat.  By  too  much  heat  the  writing  becomes 
brown,  and  no  longer  difappears,  die  paper  being 
fcorehed.  This  ink  of  fympathy  is  more  parti- 
cularly made  with  the  nitro-muriatic  acid  and 
zafre.  The  caule  of  this  colouration  of  the  mu- 
riate of  cobalt  by  heat  has  not  yet  been  afcer- 
tained,  It  was  formerly  thought  to  be  merely 
drying  which  caufes  the  green  colour  to  appear, 
and  that  it  difappeared  by  absorbing  the  water  of 
the  atmofphere  ; but  this  opinion  is  falfe,  fince 
the  folution  produces  the  fympathetic  effect, 
even  if  the  paper  on  which  the  writing  is  made 
be  put  into  a bottle,  and  dipped  in  boiling  water, 
for  it  allumes  the  green  colour,  and  lofes  it  in 
proportion  as  the  water  cools  : it  is  more  na- 
tural to  think  that  this  effect  depends  on  dif- 
oxidation,  and  that  the,  oxide  on  cooling  re- 
fumes the  portion  of  oxigen  which  it  had  loft. 
Some  chemilts  think  that  cobalt  does  not  form 
fympathetic  ink  unlefs  it  contains  iron  ; but 
this  affertion  is  not  proved, 
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27.  Cobalt  thrown  in  powder  into  the  oxi- 
genated  muriatic  acid  gas,  takes  fire,  and 
burns  with  white  fparks  ; by  this  means  a pale 
role  coloured  oxide  remains,  which  may  be  em- 
ployed  in  the  arts. 

28.  The  phofphoric  acid  diffolves  the  oxide 
of  cobalt,  and  forms  a reddifh  fluid,  which  be- 
comes turbid,  and  affords  a depofition  when  the 
acid  is  faturated.  The  fluoric  acid  which  dif- 
folves it  alfo,  affords  cryftals  by  well- conduced 
evaporation.  The  boracic  acid  has  no  action 
upon  cobalt;  it  may  be  combined  with  the  oxide, 
by  mixing;  a folution  of  the  nitrate  of  cobalt 
with  a folution  of  borax.  There  exifts  a car- 
bonate of  cobalt,  which  is  formed  by  precipi- 
tating cobaltic  faits  with  alkaline  carbonates. 
We  have  feen,  that  an  hundred  parts  of  this  me- 
tal, which  afford  only  140  of  precipitate  by  the 
alkalis  alone,  afford  IdO  parts  by  the  car- 
bonate of  foda. 

2 9.  The  metallic  acids  combine  with  the 
oxide  of  cobalt.  We  are  not  yet  acquainted 
with  the  tungffate  nor  molybdate,  nor  chromate 
of  cobalt  ; but  the  arfeniate  of  cobalt  is  eafily 
prepared,  and  well  known.  It  is  formed  by 
uniting  the  nitrate  of  cobalt  with  the  arfeniate 
of  pot-alh,  and  of  foda.  Of  all  the  cobaltic 
faits,  this  is  the  moft  deep  and  moft  brilliantly 
coloured  of  the  rofy  red  ; it  very  nearly  refembles 
the  ore  which  was  defcribed  in  the  fourth 
fpecies. 
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L A Elion  on  the  Bases  and  the  Salts. 

SO.  The  alkalis  and  the  alkaline  earths  have 
no  a diion  upon  cobalt;  they  completely  diflolve, 
with  different  degrees  of  facility,  its  oxide 
when  fufpended  ordiffufed  in  water;  they  ferve, 
or  at  leaff  may  be  uied,  to  feparate  thofe  oxides 
from  various  fubffanccs,  and  even  from  other 
oxides,  which  are  not  foluble  like  this  of  cobalt, 
or  are  lefs  foluble  than  they  in  alkaline  fub- 
ftances. 

3 1 . The  earths,  and  particularly  filex,  when 
fufed  with  the  oxide  of  cobalt  and  fixed  alkalis, 
formed  a blue  glafs  of  ftich  intenfity,  that  verv 
little  of  the  oxide  muff  be  employed  to  admit  of 
tranfparence  and  a perceptible  blue  colour  : if 
this  be  not  attended  to,  the  glafs  will  be  opaque 
and  appears  black. 

32.  There  is  no  addon  between  cobalt  and 
the  fulphates.  The  nitrates  burn  and  oxide 
them  at  an  elevated  temperature  without  de- 
tonation or  perceptible  flame,  and  this  action 
is  frequently  ufed  to  prepare  the  oxide  of  cobalt 
employed  in  enamels,  pottery,  and  particularly 
porcelain.  The  grey  ore  of  the  metal  may  be 
treated  in  this  manner,  after  which,  the  refid ue 
of  the  detonation  muff  be  well  wafhed  to  carry 
off  all  the  faits,  and  the  rofe  or  fleffi- coloured 
oxide  thus  obtained,  muff  be  long  fufpended  in 
waiter,  until  it  be  very  fine,  of  great  purity, 
and  of  a very  homogeneous  colour.  The  fame 
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cfteét  is  obtained  by  the  fuper-oxigenated  mu- 
riate of  pot-afh,  which  detonates  by  percuffion, 
when  mixed  with  one  third  of  its  weight  of 
cobalt  in  powder. 


K.  Ufes. 

33.  Cobalt  is  not  ufed  in  its  metallic  form  ; 
it  is  employed  only  to  make  blue  glaffes  or  ena- 
mels.  Zafre  is  ufed  for  coarfe  enamels,  common 
potteries,  and  earthen  ware,  in  which  employ 
it  is  mixed  with  vitreous  fluxes.  In  the  manu- 
factories of  porcelain,  much  care  is  taken  to 
have  the  oxides  of  cobalt  very  pure  and  at- 
tenuated. The  grey  ore  is  chofen  well  cryftal- 
lized  ; this  is  roafted,  and  treated  with  the  nitric 
or  muriatic  acid,  or  otherwi  fe  it  is  burned  with 
nitrate  of  pot-afli  ; the  oxide  is  carefully  wafhed 
with  much  water:  by  which  treatment,  the 
oxide  is  obtained  in  violet- coloured  powder, 
very  fine,  and  very  homogeneous,  which  affords 
the  pureft  and  mofl  beautiful  blue,  when  treated 
with  a vitreous  flux.  The  elegant  blue  of  the 
porcelain  of  Sevres,  is  of  this  nature. 

34.  At  the  manufactories  in  the  vicinity  of 
the  cobaltic  mines,  a vitreous  blue  is  prepared 
in  a fine  powder,  which,  in  commerce,  is  known 
by  the  name  of  azure,  or  powder-blue.  The 
zafre  mixed  with  filex,  is  fufed  with  alkali  fo  as 
to  afford  a deep  blue  glafs,  called  fin  alt.  This 
fmalt  is  reduced  to  powder  in  mills,  and  the 
powder  elutriated  in  large  veffels  of  water.  The 
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firft  portion  which  falls  down  is  the  heavieft, 
and  is  called  coarfe  azure.  In  fucceffion,  four 
other  azures  of  different  tenuity  are  obtained  ; 
the  laft5  which  is  the  fined;  of  all,  is  named 
azure  of  four  fires.  It  is  particularly  uied  in  the 
preparation  of  the  powder- blue. 

35.  We  muff  remark,  in  concluding  the  hif- 
tory  of  this  metal,  that  cobalt  refembles  feveral 
of  the  preceding*  metals,  particularly  tungflen 
and  molybdena,  in  its  property  of  affording  a 
blue  colour;  neverthelefs,  the  blue  afforded  by  the 
others  is  only  trail  fient,  and  does  not  take  place 
by  fufion,  whereas,  this  is  confiant,  and  always 
the  product  of  vitrification.  Thefe  analogies, 
and  the  extreme  difficulty  of  purifying  cobalt, 
have  induced  feveral  chemifts  to  fuppofe,  that 
this  metal  is  only  an  alloy  ; but  it  is  certain,  as 
Bergmann  obfcrves,  a man  who  has  carried  the 
philofophy  of  chemiftry  to  the  higheft  point, 
that  thofe  opinions  refpe&ing  the  pretended 
alloy  of  cobalt  muft  be  confidered  as  erroneous, 
fo  long  as  there  are  no  poffible  experiments  to 
prove,  that  cobalt  can  be  feparated  into  two 
different  metals  in  known  proportions,  and  that 
by  alloying  thefe  metals  in  the  fame  proportions, 
true  cobalt  can  be  fabricated.  As  no  fuch 
proofs  exift,  the  notions  of  authors  in  this  refpedt 
are  inadmiffible  hypothefes,  and  we  muft,  until 
thefe  proofs  fhall  be  exhibited,  confider  cobalt 
as  a peculiar  metal,  poffcffmg  very  diftindl 
characters  and  properties  not  to  be  obferved  in 
any  other  metal,  nor  in  any  alloy  whatfoever. 
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Article  IX. 

Concerning  Nickel . 

A.  IliJlonj. 

\ . HIERNE  was  the  firft  who  mentioned  the 
particular  ore  which  contains  nickel,  in  a work 
on  the  art  of  difcovering  metals,  publifhed 
in  1(>C)4.  The  ore  was  named  kupfernickel 
or  falfe  copper.  Henckel  conftdered  it  as  a 
fpecies  of  cobalt,  or  arfenic  mixed  with  cop- 
per. Cramer  referred  it  alfo  to  the  copper  and 
arfenical  ores,  though  he  did  not  obtain  copper* 
from  it  ; which  is  alfo  confelTed  by  Henckel. 

2.  The  opinion  which  chilled  kupfernickel 
among  the  ores  of  copper,  was  generally  adopted 
till  the  middle  of  the  18th  century.  In  the 
year  1751  and  1754,  Cronftedt,  a celebrated 
Swedifli  mineralogift,  the  firft  who  formed  the 
ufeful  project  of  claffmg  foftils  according  to  their 
chemical  nature,  flowed,  in  the  Memoirs  of  the 
Academy  of  Stockholm,  that  a new  metal  might 
be  extracted  from  this  ore,  very  different  from 
all  thofe  before  known,  which  he  named  nickel 
This  opinion  was  foon  adopted  by  the  greater 
part  of  mineraiogilts,  though  lèverai,  and  par- 
ticularly Citizens  Monnet  and  Sage,  have  con- 
tinued to  fupport,  though  without  deciftve  ex- 
periments, 
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periments,  that  nickel  is  cobalt  alloyed  with 
arfenic,  iron,  and  copper. 

3.  Bergmann  endeavoured  to  reconcile  thefe 
opinions  by  a ftrict  examination  of  nickel  ; he 
gave  a differtation  on  this  metal,  in  the  month 
of  July  1775,  under  the  form  of  a thefis,  fup- 
ported  at  Upfal  by  Mr.  Ardvidfon,  his  pupil. 
He  particularly  endeavoured  to  determine  whe- 
ther nickel  be  truly  a peculiar  metal  ; and  in  this 
examination,  he  difplayed  all  the  refources  of 
the  art,  and  all  the  fkill  of  a great  matter.  The 
general  refult  of  this  great  work  was,  that 
nickel  which  does  not  contain  a particle  of  cop- 
per, is  ufually  alloyed  with  cobalt,  arfenic,  and 
iron,  which  cannot  be  feparated,  but  with  the 
greateft  difficulty  ; but  that,  notwithftanding 
the  impoffibility  of  purifying  it  completely,  its 
properties  are  in  fo  many  refpedts  different  from 
thofe  of  all  the  other  metals,  and  thefe  pro- 
perties becoming  more  diftindt  and  intenfe,  in 
proportion  as  it  is  purified,  it  is  abfolutely  ne» 
ceffary  to  confider  it  as  a very  diftinét,  and 
determinate  fpecies. 

B.  Phyfical  Properties , 

4.  Nickel,  in  the  higheft  ftate  of  purity  to 
which  it  can  be  brought,  is  of  ayellowifh  white, 
or  reddifh  white  of  variable  brilliancy,  and  granu- 
lated  texture.  This  texture  is  lamellated  only 
in  the  cafe  of  impurity.  Its  fpecific  gravity 
approaches  nearly  to  9000,  according  to  Berg- 
man m 
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mann.  Citizen  Guyton  gave  it  only  7807, 
Bergmann,  in  various  places,  affirms,  that  it  is 
iemi- ductile,  and  Citizen  Guyton  ranges  it  with 
zinc,  with  regard  to  this  property  ; but  it  is 
evident  there  is  an  error,  or  at  leait,  a great  un- 
certainty in  this  eftimation,  fi nee  the  celebrated 
Swedifh  chemiit  remarks,  that,  notwithstanding 
the  greateft  purification,  this  metal  contains 
more  than  a third  of  its  weight  of  iron  : it 
therefore  appeared  to  him  impoffible  to  deter» 
mine  with  exaCtnefs,  its  realfpecific  properties, 
becaufe,  as  he  obferves,  the  iron  mull  modify 
them  in  a certain  refpeCt.  It  is  therefore  evi- 
dent, that  we  ought  to  attribute  the  femi-duc- 
tility  and  magnetic  property,  particularly  the 
polarity,  which  nickel  fometimes  exhibits  to  this 
metal,  namely,  the  iron.  Citizen  Guyton  gave 
it  the  fécond  clafs  for  hardnefs,  after  man- 
ganefe  and  iron,  which  occupy  the  fir  ft  ftation 
in  this  table,  and  upon  the  fame  line  as  platina;  it 
is  very  difficult  to  fufe,  and  the  fame  chemifr 
places  it  along  with  iron.  Its  dilatability  and 
conducting  power  as  to  caloric,  have  not  been 
yet  determined,  neither  has  it  been  yet  obtained 
in  the  eryftallized  ftate.  Its  fmell  or  tafte  have 
not  been  determined,  though  it  is  probable, 
that  it  poffelfes  peculiarities  with  regard  to  both. 

C Natural  Hijlory . 

3.  There  are  three  ores  of  nickel,  very  dif- 
tinft  and  very  eafy  to  be  diftinguiflied. 


Species 
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Species  I. 

Sulphur  et  of  Nickel . 

THIS  is  the  mo  ft  abundant  and  moil:  eafy  to 
diftinguifh.  It  has  been  denominated  kupfer- 
nickel  by  Hier  ne,  who  firft  defcribed  it  ; it  is 
of  a reddifh  yellow  colour,  of  little  brilliancy, 
refembling  tarniflied  copper,  with  which  its  af- 
pe6l  always  tends  to  confound  it.  Its  fradture 
is  rugged,  unequal,  and  its  texture  fine-grained 
and  clofe  ; it  eafily  lofes  its  brilliancy  in  the 
air,  becomes  tarniflied,  brownifh,  and  at  length 
covered  with  greenifh  fpots.  It  forms  a vein 
in  the  earth.  This  ore  has  not  been  exactly 
analyzed;  it  is  known,  however,  that  it  con- 
tains fulphur,  nickel,  arfenic,  cobalt,  and  iron. 
The  fulphuret  of  nickel  exifts  in  Sweden,  in 
Saxony,  in  France,  &c.  It  is  very  far  from 
being  as  fcarce  as  Bergmann  pretended,  fince 
it  is  found  in  tons  at  many  of  the  drug-gifts  in 
Paris. 


Species  II. 

Ferruginous  Nickel 

I GIVE  this  name  to  an  ore,  which  Baron  de 
Born  has  defcribed  in  his  catalogue  of  the 
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cabinet  of  Madam oifelle  de  Raab,  under  the 
denomination  of  nickel  alloyed  with  iron,  with- 
out arlenic  or  cohalt,  and  whmh  he  fays  was 
found  at  Joachim  in  Bohemia.  Its  texture 
is  foliated,  and  it  is  formed  of  rhomboidal 
plates  applied  each  other  ; its  recent  frabture  is 
of  a pale  yellow,  which  becomes  black  by  the 
contact  of  the  air. 


Species  III. 

Oxide  of  Nickel. 

IT  is  of  a bright  and  agreeable  green  or 
green i Hi  colour.  It  is  commonly  found  at  the 
furface  of  the  fulphuret  of  nickel,  which  it  fome- 
times  covers  entirely,  like  fuperficial  coating;  it 
is  not  known  either  alone  or  folid,  or  m any 
regular  form,  it  is  probable,  that  it  contains 
carbonic  acid,  from  the  property  which  Cron- 
ftedt  attributes  to  it.  It  is  this  oxide  which 
colours  the  prafe,  according  to  Klaproth’s  ana- 
lyfis.  It  is  frequently  mixed,  or,  as  it  were, 
interrupted  by  a powder,  or  efflorefcence  of  a 
whitilh  colour.  Mr.  Kirwan  fufpedfs  its  exiftence 
in  fome  fpecies  of  fiate  and  horn-ffone,  becaufe 
thefe  hones  colour  the  nitric  acid  of  a beau- 
tiful green. 

Befides  th,efe  three  fpecies,  Bergmann  afferts, 
that  it  is  not  rare  to  find  native  nickel,  or  nickel 
with  very  little  fulphur,  but  combined  with 
Vol,  Y,  P iron^ 
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iron,  cobalt  and  arfenic,  and  that  it  exifts,  thus 
mineralized  by  fulphuric  acid.  11  in  man  alfo 
affirms,  that  nickel  has  been  found  native  in 
Heffe  ; it  is  heavy,  of  a deep  red,  forming  a 
kind  of  produét  of  the  furnaces  among  the  ma- 
terials from  which  nickel  may  be  extracted.  It 
is  confidered  as  an  alloy  of  cobalt  and  biff 
mu th,  by  the  medium  of  nickel. 

D.  Assays;  Metallurgy, 

7.  The  ore  of  nickel  is  reduced  after  the 
manner  of  Cronftedt,  by  firft  roafting  it  to  drive 
off  the  fulphur  and  arfenic  ; by  which  treatment 
it  lofes  one  third  or  half  its  weight.  After  this 
operation,  it  is  found  of  a green  colour,  which 
is  deeper  the  more  abundant  the  mckel:  it 
fometimes  is  feen  during  the  roafting,  when  it 
is  left  without  agitation,  that  coral  i-form,  hard 
vegetations  are  formed,  which  are  fonorous, 
when  f truck.  The  roafled  ore  is  mixed  with 
two  parts  of  black  flux,  then  placed  in  a cruci- 
ble covered  with  muriate  of  foda,  and  heated 
by  full  on  in  a forge- furnace.  After  the  apparatus 
is  cold,  a metallic  button  is  found  under  brown, 
blackifl)  or  blue  fcoria,  which  conltitutes  from 
the  tenth  to  the  half  of  the  original  weight. 

8.  But  the  firft  metal  thus  obtained,  notwith- 
standing the  ftrong  aft  Ion  of  heat  applied  to 
the  ore,  is  very  far  from  being  pure;  it  is  ftill 
an  allov  of  nickel  with  cobalt,  arfenic,  and  par- 
ticularly  iron,  and  is  attraéfed  by  the  load-ftone. 

It  is  even  from  the  various  proportions  of  this 
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tnetal,  that  nickel  acquires  its  variety  of  fpecific 
gravity  and  of  grain,  either  irregular  or  in  plates, 
and  of  a colour,  which  inclines  from  red  to 
yellow.  The  metal  obtained  by  Cronftedt  in 
1750,  was  very  far  from  being  pure;  hé  de» 
feribed  it  as  breaking  with  large  plated  fraéture, 
and  Bergmann  had  ail  opportunity  of  exa- 
mining a portion  fufed  by  this  mineral  ogi  ft, 
which  was  found  in  the  collection  made,  and 
left  by  Swab  to  the  academy  of  Upfal.  The 
care,  the  patience,  and  the  fagacity  exhibited 
by  Bergmann  in  his  attempts  to  purify  nickel, 


are  unequalled,  and  nothing  can  better  Ihow  at 
the  fame  time,  the  almoft  infurmountable  dif- 
ficulty of  obtaining  it  in  a feparate  hate,  than 
the  refait  of  his  numberlefs  and  in  defat  mablé 

o 

alfays  made  upon  the  metal  extradted  by  Cron-* 
ftedt  himfelf.  As  this  is  the  moft  effential  part 
ot  its  hiftory,  I fhall  enter  into  fome  detail  re- 
fpecting  the  experiments  of  Bergmann,  in  order 
to  ihow  the  properties  he  difeovered  in  this 
metal  in  his  attempts  to  purify  it  He  fubjected 
it  to  fix  fuceefiive  roaftings  and  fcori  feat  ions, 


each  of  which  lafted  from  ten  to  fourteen  hours, 
and  after  each  icorificatiou,  he  reduced  it  with 
black  flax.  By  this  treatment,  it  emitted  va- 
pours of  arfenic,  and  a white  vapour  which  had 
not  the  fmeii  of  garlic  ; the  powder  of  charcoal 
which  he  added  in  his  operations,  facilitated 
the  difengagement  of  the  arfenic  ; nevertlielefs, 
after  thefe  fix  roaftings  and  graduated  reduc- 
tions, the  nickel,  though  much  dim  ini  fifed  in 

P A weight, 


i 

/ 


I 


■O  15  STICK  EL. 

*wr<  M 

weight,  emitted  a fmell  of  arfenic  when  heated, 
and  it  was  attra&ed  by  the  magnet.  Bergman* 
roafted  it  a feventh  time  by  a violent  heat  d til- 
ing fourteen  hours,  adding  powder  of  charcoal, 
without  drawing  off  any  arfenic,  or  occafioning 
any  lofs  of  its  weight,  *1  he  oxide  thus  ob- 
tained, was  of  a reddi lh-yellow  colour,  with  a 
few  traces  of  the  green  tinge.  By  this  reduc- 
tion lie  obtained,  under  the  fcoria  which  con- 
tained no  iron,  a very  final l globule  which  was 

hill  attracted  by  the  load-ftone. 

g,  The  treatment  with  fulphur,  which  ap- 
peared to  Bergmann  to  have  a great  attraCtion 
for  nickel,  and  which  he  hoped  might  feize  that 
metal,  and  feparate.it  from  the  iron,  was  not, 
however,  attended  with  greater  fuccefs  than  the 
former  procefs.  By  fufmg  the  metal  obtained 
by  Cronftedt  with  fulphur,  and  a fmall  quantity 
of  borax,  he  obtained  a red  mafs  inclining  to 
yellow,  which,  with  eight  hundred  parts  of 
metal,  acquired  the  weight  of  feventeen  hun- 
dred. He  fcorihed  half  this  mafs,  fo  as  to  ex- 
hibit the  vegetations  which  the  oxide  of  nickel 
ufually  affords;  he  obtained  eight  hundred  and 
fifty-two  parts  of  this  oxide,  which,  when  fufed 
with  the  other  part  which  had  not  been  fcorified, 
afforded  fulphurct  of  nickel  of  a yellowifli  white, 
weighing  eleven  hundred  and  two  ; m this  calc, 
there  were  near  fix  hundred  parts  loft.  Ibis 
fulphuret,  after  four  hours  roafting,  became  co- 
vered with  vegetations;  the  addition  ot  char- 
coal diftipated  the  arfenic  ; he  obtained  an  oxide 
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ot  a bright  green,  weighing  1038,  which,  by 
reduction,  afforded  394  parts  of  a metal,  much 
attracted  by  the  magnet,  very  duftile,  and  very 
refractory.  This  metal  being  filled  again  with  ful- 


phur,  one  halt  then  fcorified  and  fufed  with 
the  other  fulphurated  half,  and  this  whole  mais 
roafted  for  four  hours  and  again  reduced,  af- 
forded a metal,  red  without,  of  an  afli-coloured 
white  within,  very  brittle,  and  of  which  the 
fpeciflc  gravity  amounted  to  7,170.  When 
-mineralized  a third  time,  and  treated  again 
in  the  fame  manner  as  tire  two  fir  ft  times  by 
roafting  with  charcoal-power  for  twelve  hours, 
till  it  exhibited  no  longer  any  trace  of  the 
prefence  of  arfenic,  it  afforded  an  oxide  of  an 
afh-green  colour,  from  which,  by  reduction  with 
the  moft  violent  fire  of  a forge,  was  obtained 
a metal  fo  refractory  that  it  could  not  be  fufed 
into  a button  : it  was  under  a fcoria,  of  a 
hyacinth  colour.  It  weighed  S,66.  It  was 
at t raffed  by  the  magnet;  its  ductility  was  fo 
remarkable,  that  it  was  extended  to  the  length 
of  3%  times  its  diameter  under  the  hammer  ; its 
colour  was  reddi fli- blue  ; it  was  found  to  be 
foluble  in  a deep  green  in  the  nitric  acid,  and 
in  a blue  colour  in  ammonia.  This  metal 
heated  to  red  nefs  for  four  hours,  became  co- 
vered with  a cruft  of  oxide  of  iron,  which  being 
detached  by  tire  hammer,  a grecnhli  powder  was 
found  under  it  : one  hundred  parts  of  this  cruft 


being  roafted  for  feven  hours  with  charcoal, 
exhibited  no  longer  any  trace  of  arfenic,  was  iu- 
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creafed  by  five  parts,  and  afforded  by  réduc- 
tion a metal  of  the  weight  of  fe verity- two 
parts,  of  a faint  red  colour,  femi-dufitile,  en- 
tirely attracted  by  the  magnet,  and  the  fpe- 
cific  gravity  of  which  amounted  to  8,870. 
Jt  is  evident  from  all  thofe  details,  that  Berg- 
man had  fucceeded  in  fepa rating  the  arfenic, 
and  the  cobalt  from  the  nickel,  but  that  he 
had  not  infulated  the  iron,  to  which  we  may 
attribute  the  duétility  of  the  metal.  Thus 
fulphur  has  not  been  of  greater  utility  in  re- 
fining nickel,  than  the  other  fcorifications  with 
charcoal,  and  the  multiplied  reductions  dcfcrib* 
ed  No.  8. 

10.  Knowing  that  the  alcaline  fulphurets  dif- 
foived  cobalt  better  than  nickel,  Bergmann  was 
led  by  analogy  to  believe  that  thefe  compounds 
might  act  in  the  fame  mariner  upon  the  iron, 
and  confequently  ferve  him  to  deprive  the 
nickel  of  it:  but  his  hopes  were  difappointed. 
The  nickel  of  Cronftedt,  (the  reader  knows  that 
I apply  this  name  to  that  which  is  the  product 
of  a firft  reduction  after  the  firft  roafting  of 
its  ore),  already  united  with  fulphur,  was  fufed 
with  more  than  thirty  times  its  weight  of  ful- 
phuret  of  pot-afli;  the  mafs,  waflied  in  hot 
water,  afforded  by  an  acid  a precipitate,  which 
being  roafied  till  the  total  reparation  of  the 
fulphur  was  effected,  was  in  the  ftate  of  a cin- 
eritious  powder  weighing  more  than  half  of 
the  firft  metal  The  undiffolvçd  portion,  in 
Y’hich  he  hoped  to  find  the  nickel,  being 
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equally  cleful pli u rated  by  roafting,  became 

no  lefs  ci neritious,  and  gave  by  reduction  a 
brittle  metal,  little  attracted  by  the  magnet, 
but  which  became  fufeeptible  of  being  attracted 
by  it  after  having  been  fufed  with  borax. 
The  fame  experiment  being  made  with  the 
fulphuret  of  lime,  alio  afforded  a ferruginous 
nickel  which  adhered  very  llrongly  to  the  ful- 
phur.  When  nickel  was  fufed  with  alcaline 
fulphuret,  in  another  experiment,  and  at  the 
moment  of  fufion,  nitre  was  added  to  it,  in  a 
quantity  barely  fufficient  to  deffroy  only  a 
fmall  portion  of  the  fulphuret,  this  left  the 
metal  to  be  precipitated  to  the  bottom  of 
the  veffel  : nickel  treated  in  this  manner  is 
found  to  be  deprived  of  cobalt,  but  ftill  charged 
with  iron.  Bergmaim  obferves  on  this  occa- 
fion  that  by  the  fame  procefs  the  nickel  is 
precipitated  by  cobalt,  which  has  greater  at- 
traction for  the  fulphuret  than  the  former  has,  and 
that  being  thus  feparated  from  its  folution  in 
the  fufed  fulphuret  by  iron,  copper,  tin,  lead, 
or  even  cobalt,  nickel  is  not  fufeeptible  of 
being  attracted  by  the  magnet  ; but  according 
to  him,  it  would  be  a miftake  to  believe  it 
exempt  from  iron  ; as  this  latter  metal,  the 
properties  of  which  are  only  difguifed  by 
foreign  fubftances,  and  undoubtedly  by  the 
fulphur,  becomes  again  magnetic  in  propor- 
fion  as  ive  deprive  it  of  them  by  fubfequent 
means,,. 


3 


1 L After 


picket; 


g 16 

11.  After  the  failure  of  the  preceding  means, 
Bergmann  had  recourfe  to  nitre,  in  hopes  ot 
fcori tying'  and  feparating  the  foreign  metals 
combined  with  t the  nickel,  which  appeared  to 
him  to  be  oxidated  with  greater  difficulty,  and 
to  be  difoxidated  more  eafily  than  they.  One 
part  of  Cronftedt’s  nickel,  being  thrown  upon 
twelve  parts  of  fufed  nitre,  emitted  fome  flight 
fparks  ; arfenical  vapour  was  foon  exalecl  ; the 
fides  of  the  crucible  were  covered  with  a blue 
cruft  of  cobalt,  and  there  remained  at  the  bottom 
a greenifh  matter.  Twelve  parts  of  nitre  added 
to  this  matter,  and  fufed  with  it  for  the  fpace 
of  an  hour,  ftill  tinged  the  crucible  with  a blue 
colour,  and  the  mafs  at  the  bottom  became  of 
a brown  green  colour,  much  lefs  abundant 
than  the  fir  ft  time.  A third  addition  of  nitre 
in  the  fame  quantity  left  a grey  fcoria,  which 
gave  no  metal  with  the  black  flux,  but  merely 
fcoria  of  a hyacinth  colour,  fpotted  with 
blue,  which  gave  a green  tinge  to  the  nitric 
acid,  were  converted  into  a jelly,  and  left  by 
evaporation  a greenifh  oxide.  In  a third  ana~ 
logons'  experiment,  the  green  powder,  being 
lixiviated  and  treated  with  half  a part  of  black 
flux,  an  eighth  of  lime,  and  an  eighth  of  borax, 
gave  a metal  of  a y ello with- white  colour,  at- 
tracted by  the  magnet,  duftile,  and  weighing 
9,000.  Bergmann  concluded  from  this  kind  of 
experiment,  that  nitre  was  very  proper  for  in- 
dicating and  feparating  the  fmalleft  portion  of 
cobalt  contained  in  the  nickel,  but  that  it  left 
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in  it  the  iron  of  which  it  could  not  deprive 
it. 

12.  As  muriate  of  ammonia  is  known  to  be 
very  proper  tor  feparating  iron,  Bergmann, 
tried  alio  this  new  means  ; he  di.fi  il  led  one 
part  or  oxide  of  nickel,  deprived  of  cobalt 
fuileiently  to  give  no  longer  the  blue  colour 
to  borax,  with  two  parts  offal-ammonia  ; he  ob- 
tained a cineritious,  white  fublimate,  accom- 
panied with  a little  ammonia  ; the  bottom  of 
the  retort  had  alfumed  the  deep  hyacinth  co- 
lour; the  refiduum  con  lifted  of  two  layers, 
ibe  upper  layer  was  yellow,  fcjaly,  brilliant 
like  niaffive  gold,  yielding  with  borax  a glafs 
ol  a hyacinth  colour,  without  affording»;  metall 
attracting  the  moifture  of  the  atmofphere,  be- 
coming green  and  confident  like  butter  ; be- 
ing lixiviated,  it  left  a powder  having  the 
characters  of  an  oxide  of  nickel,  and  the  green 
aqueous  folution  was  rendered  blue  by  ammonia, 
without  affording  any  indications  of  iron.  The 
inferior  layer  confided  of  an  oxide  of  nickel, 
little  charged  with  muriatic  acid,  blackilh,  of  a 
ferruginous  brown  towards  the  bottom  of  the 
veffel.  This  oxide  converted  borax  into  a hya- 
cmth-coloured  glafs,  and  afforded  by  reduction 
a brittle  metal,  of  a reddilh-white  colour,  fcarcely 
fufcept'ible  of  being  attracted  by  the  magnet 
I he  lame  metal,  treated  fucceflively  by  four 
other  iublimations,  with  muriate  of  ammonia,  the 
inferior  layer  being  lixiviated  and  reduced  each 
time,  yielded,  at  the  end,  and  in  the  laft  reduc- 
tion, 
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tien,  a white  brittle  metal,  little,  though  {till 
lufceptible  of  being  attracted  by  the  magnet. 
Bergman n obferves  that  each  fublimate  was  very 
white,  and  that  it  afforded  not  the  flighted  in- 
dication of  iron  by  the  tincture  of  the  nut-gall. 

13.  Bergmann,  not  difeouraged  by  the  failure 
of  all  his  attempts  with  procédés  in  the  dry  way, 
occupied  himfelf  afterwards  with  the  reparation 
of  the  different  metals  with  which  nickel  is  al- 
loyed, by  proceffes  in  the  humid  way.  The 
nitric  folution  of  the  nickel  of  Crondedt  occu- 
pied him  for  a condderable  time.  By  calcin- 
ing the  folid  nitrate  of  nickel  with  charcoal- 
powder,  much  arfenic  was  difengaged,  and 
he  obtained,  by  the  reduction  of  the  redduum, 
a grey  metal,  femi-ductile,  but  dill  fufceptible  of 
being  attracted  by  the  magnet;  when  rediffolved 
in  nitric  acid,  and  reduced  four  fuccedive  times, 
it  afforded  a metal  always  magnetic.  At  the 
fifth  calcination  of  this  nitrate  of  nickel,  its 
oxide  was  diminiflied  in  fuch  a manner  that  he 
found  it  impracticable  to  reduce  it;  which 
proves  that  nickel  is  volatilized  in  its  oxidation 
by  the  nitric  acid,  without  its  being  thereby 
deprived  of  its  fufeeptibility  of  the  magnetic 
attraction. 

14.  Finally,  the  celebrated  Swedidi  profelfor 
tried,  as  a lad  means,  the  folution  of  the  oxide 
of  nickel  in  ammonia,  in  order  to  feparate  from 
it  the  oxide  of  iron.  After  having  diffolved 
fome  of  CronftedFs  nickel  in  nitric  acid,  and 
precipitated  its  oxide  with  pot-afh,  he  treated  it 
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with  ammonia,  which  diffolved  at  lealt  a ninth 
of  its  weight;  this  refiduum,  which  was  of  a 
biack  colour,  inclining  to  green,  yielded  by  re* 
duétion,  a fcaly  metal,  brittle,  of  a clear  white 
colour,  little  fenfible  to  the  magnet,  the  fpeeific 
gravity  of  which  amounted  to  9,333;  it  was 
eafily  fufible,  by  which  operation  it  eras  again 
rendered  fufceptible  of  being  attracted  b}?  the 
magnet,  and  being  diffolved  in  nitric  acid,  it 
yielded  a blackifli  powder,  infoluble  ; evaporable 
with  a fmeli  of  fulphur  upon  the  coals.  The 
blue  ammoniacal  lblution,  when  evaporated  to 
drynefs,  yielded  nearly  one  half  lefs  of  refiduum 
than  it  had  taken  of  matter  from  the  oxide  of 
nickel.  This  powder  afforded,  by  reduction,  a 
very  fmall  quantity  of  metal,  of  a whitith  co- 
lour, femi-ductile,  ftrongly  attracted  by  the 
magnet,  and  having  a lpecific  gravity  of  7000; 
the  fcoria  of  which  contained  much  oxide  of 
nickel,  colouring  borax  with  a hyacinth  tinge, 
and  affording  by  its  reduction  a metal,  which 
being  fufed  with  the  preceding,  became  fo  re- 
fractory that  it  was  impoffible  to  treat  it. 
Though  the  experiments  with  ammonia  did  not 
fatisfy  the  author,  the\  however  afforded  very 
Angular  refaits;  fuch  as  the  confiant  foiution 
of  the  oxide  of  iron  with  that  of  nickel,  the 
blue  colour  of  this  foiution  which,  though  analo- 
gous to  that  of  the  oxide  of  copper,  has  a very 
different  caff,  and  efpecially  the  lofs  of  a 
great  quantity,  of  oxide  of  nickel,  which  Berg- 
mann  docs  notfeemto  have  fufficiently  regarded. 
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In  a word,  the  narrative  of  tliefe  la  ft  experi- 
ments, which  fhow  this  author  to  have  been 
fatigued  and  embarraffed,  notwithftanding  the 
zeal  and  ardour  which  animated  him  might  lead 
ns  to  think,  as  well  as  that  of  lèverai  of  the 
preceding,  either  that  nickel  cannot  by  any 
means  he  purified  of  iron,  or  that  this  lingular 
metal  is  itfelf  fufeeptible  of  being  attracted  by 
the  magnet,  and  that  in  this  property  it  re- 
fembles  iron,  whilft  in  many  others  it  Teems  to 
approach  to  the  nature  of  copper* 

15.  After  having  deferibed  in  a detailed  man- 
ner, thefe  diff  erent  and  numerous  experiments,  as 
they  conftitute  aim  oft  exelufively  the  exact  che- 
mical hiftory  of  nickel,  I ought  alfo  to  prefen  t the 
reader  with  the  inferences  which  the  illuft rious 
Bergmann  deduces  from  them,  in  paragraphs  XI 
and  XII  of  his  Diflertation.  The  fir  ft  "is,  that 
the  fulphur  adheres  to  nickel  the  leaft,  and  the 
arfenic  the  moft  ftrongly,  but  that  we  may 
feparate  it  completely  by  roafting  with  char- 
coal; that  the  cobalt  remains  longer  con- 
cealed in  it,  and  that  we  frequently  find 
traces  of  it  when  it  was  not  fufpeéied  to  be  prê- 
tent, by  means  of  nitre  which  feparates  it  in  a 
blue  oxide;  that  the  blue  caft  given  to  borax 
is  owing  to  the  manganefe;  and  laftly,  that  iron 
is  of  all  the  metals  the  moft  intimately  combined 
with  nickel,  fince  it  cannot  be  entirely  ex- 
tracted from  it  by  any  known  means. 

16.  As  by  all  the  proceffes  of  purification, 
nickel  fhows  to  the  laft  the  prefence  of  other  me- 
tallic 
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t all ic  liibftances,  lèverai  chemifts  have  thought 
this  metal  to  he  nothing  more  than  a natural 
alloy  of  arfenie,  cobalt,  copper  and  iron.  Berg- 
man n difcufles,  according  to  his  experiments, 
the  queftion  relative  to  this  fubjeék  He  (hows 
that  we  may  completely  deprive  nickel  of  ar- 
fenic  ; that  it  hardly  ever  contains  copper; 
that  it  differs  from  cobalt  in  a great  number  of 
its  properties  ; that  the  more  we  feparate  the 
latter,  the  more  it  allumes  the  properties  by 
which  it  is  diftinguifhed.  As  to  the  prefence 
of  iron,  he  agrees  that  it  is  more  natural  to 
find  great  analogies  between  nickel  and  this 
metal  ; he  fiiows  in  how  many  properties  thefe 
two  metals  approach  each  other,  as  well  as  co- 
balt and  manganefe  ; but  he,  neverthelefs,  con- 
cludes, that  nickel  prefents  too  many  peculiar 
properties  to  be  confounded  with  iron,  and 
that  as  long  as  the  latter  has  not  been  brought 
into  the  ftate  of  the  former,  nor  their  real  iden- 
tity proved,  it  would  be  overturning  all  the 
foundations  of  philofophy  to  build  upon  vague 
appearances,  and  fallacious  analogies. 

17.  He  proves,  moreover,  the  truth  of  this 
affertion  by  relating  a confiderable  number  of 
experiments  on  the  alloys  of  iron  and  copper, 
ot  iron  copper  and  arfenie,  of  iron  copper 
and  cobalt,  and  of  thefe  four  metals  together 
in  very  various  proportions  ; experiments  in 
which  he  has  never  been  able  to  obtain  a metal 
fimilar  to  nickel.  Though  fome  of  the  properties 
ot  thefe  alloys  at  firft  prefented  certain  analo- 
gies 
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gies  with  nickel,  he  foon  found,  by  a more 
thorough  examination,  that  this  was  only  a 
very  fallacious  appearance  ; and  that  there  was 
no  real  relation  between  the  alloy  and  the  metal 
which  he  had  attempted  to  imitate* 

No  metallurgical  works  are  effablifhed  upon 
the  ores  of  nickel,  and  metallurgifts  do  not  yet 
place  any  value  upon  this  fpecies  of  mineral. 

E.  Oxidahility  by  the  Air . 

1$.  Nickel  is  very  difficult  to  be  oxided 
by  the  adlion  of  caloric  and  of  the  air.  When 
it  is  heated  under  a mufle,  and  con  ft  anti  y 
agitated,  it  only  affirmes  a dark  colour.  How- 
ever, by  long  expofure  to  moift  and  cold  air, 
it  becomes  covered  with  an  efrlorefcence  of  a 
clear  green  colour,  of  a very  particular  and 
diffmdt  tinsre.  It  is  this  effiorefcence  which  is 
found  upon  the  furface  of  the  fulphureous  ores 
of  nickel,  tire  tinge  of  which  being  very  re- 
markable, and  very  different  from  that  of  cop- 
per, enables  us  to  diftingiuffi  them  with  eafe 
and  certainty.  This  green  oxide  gives  borax  a 
hyacinth  colour,  and  imparts  the  fame  tinge  to 
the  ammoniacal  phofphate  of  foda,  which  be- 
comes violet  by  the  addon  of  nitre:  a large 
quantity  of  this  oxide  gives  this  fait  a blood- 
red  colour  during  fufion,  which  becomes  paler 
bv  cooling. 
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F.  Union  with  Combujlible  Subjances. 

19-  Sulphur  combines  very  eafily  with 
nickel,  and  forms  an  artificial  ore  which  is  not 
altogether  fimilar  to  its  natural  ore  or  Kupfer- 
nickel.  The  artificial  fulphuret  of  nickel  is 
hard,  yellow,  with  fmall  brilliant  facets. 
When  ftrongly  heated  in  the  air,  it  emits  very 
luminous  and  inflamed  fparks. 

20.  Nickel  is  fufceptible  of  uniting-  with 
phofphorous.  Pelletier  has  acquainted  11s  with 
the  phofphoret  of  nickel  ; he  prepared  it  either 
by  the  reduction  of  the  vitreous  phofphoric 
acid  with  the  addition  of  charcoal,  after  having 
mixed  thefe  two  fubftances  with  the  nickel  or 
by  throwing  phofphorus  upon  nickel  heated  to 
rednefs  in  a crucible.  This  increafed  in  weight 
by  one  fifth,  and  a fmall  portion  of  phofphorus 
was  feparated  from  it  as  it  cooled.  The  phof- 
phuret  of  nickel  is  of  a more  brilliant  and  purer 
white  than  nickel  ; its  texture  is  needle-formed  ; 
when  heated  before  the  blow-pipe  the  phofphorus 
burns  at  its  fur  fa  ce  in  proportion  as  the  metal 
is  oxided.  Pelletier  has  obtained  the  fame 
refult  from  fpeifs. 

21.  Nickel  enters  into  alloys  with  many 
metals  . it  has  been  feen  that  it  always  contains 
arfenic,  often  cobalt,  and  conftantly  iron.  It 
has  been  feen,  that  in  the  latter  alloy,  the  iron, 
though- fufed,  is  dudile,  which  has  juftly  been 
remarked  as  an  extraordinary  circumflance 
by  Bergmann.  Arfeniated  nickel  gives  a blue 
colour  to  glais,  according  to  Citizen  Monnet 
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Bergmann  attributes  this  property  to  the  cobalt, 
which  the  arfenic  feparates  from  the  nickel* 

G.  AHion  upon  Water  and  the  Oxides . 

££.  It  would  be  natural  enough  to  imagine 
that  nickel,  which  has  fo  much  analogy  with 
iron,  fhoukl  exert  an  action  upon  water  ; but 
there  is  no  experiment  which  proves  this  to  be  the 
fa éf,  or  which  even  authorizes  us  to  fuppofe  it. 

£3.  We  may  aller t that  nickel  exerts  no  action 
upon  the  metallic  oxides,  as  moft  of  the  metals 
have,  on  the  contrary,  the  property  of  precipi- 
tating nickel  from  its  folutions,  as  will  foou 
be  fhown. 

H.  AH  ion  upon  the  Acids. 

£4.  All  the  acids  a6t  upon  nickel  or  its  ox- 
ides. All  the  combinations  of  this  metal  are 
conftantly  green,  and  of  a clear  and  very,  bril- 
liant colour,  which  is  very  remarkable  and  very 
different  from  the  green  afforded  by  certain 
metals.  This  is  one  of  the  richeft  and  moft 
beautiful  colours  that  can  be  exhibited.  The. 
fixed  alkalis  precipitate  all  thefe  folutions  in 
a greenifli  white,  and  communicate  a yellow 
colour  to  the  oxide  which  they  re-diftolve. 

£5.  The  fulphuric  acid,  concentrated,  and 
diftilled  upon  this  metal,  is  decompofed  ; fub 
phureous  gas  is  difengaged,  and  a grey  mafs 
remains,  which  diflolves  in  water,  and  imme- 
diately communicates  to  it  its  beautiful  green 
colour.  By  evaporating  this  folution  we  obtain 
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foliated  cry ftals,  of  the  colour  of  a pale  eme- 
rald, I have  feen  cryftals  of  fulphate  of  nickel 
prepared  by  the  ingenious  procédés  of  Citizen 
Leblanc,  in  beautiful  fquare  prifrns,  Very  thick 
and  long,  of  a rich  deep-green  colour,  termina- 
ted by  fummits  obliquely  truncated.  The  iul- 
phuric  acid  alfo  ditto  Ives  the  oxide  of  nickel 
with  facility.  Bergman n fays  that  this  fait 
forms  itfclf  in  decahedrons,  or  yields  comp r el- 
fe d aluminiform  cryftals,  with  truncatures  at 
the  two  oppofite  fummits. 

Q6.  The  nitric  acid  oxides  and  diffolvêS 
nickel  with  the  aid  of  heat;  it  effe&s,  without 
eftervefcence,  the  folution  of  the  oxide  of  thiâ 
metal  ; it  is  of  a green  colour,  and  gives  deli- 
quelcent  rhomboidal  cryftals,  which  are  de* 
compofed  by  the  abtion  of  fire,  and  leave, 
by  ftrong  calcination,  a blackilh  oxide,  after 
having  yielded  oxigen  gas.  Expofed  to  dry 
and  hot  air,  the  nitrate  of  nickel  lofes  its  water 
of  cryftailization,  and  even  its  acid,  fo  as  to 
leave  a greenith  oxide,  in  which  we  frequently 
' find  afmall  quantity  of  iron  and  of  arfenic. 

£7.  The  muriatic  acid  diflolves  nickel  and  its 
oxide  more  flowly  than  the  nitric  acid  : this 
folution,  which  is  green  and  brilliant,  affords 
irregular  and  undetermined  cryftals.  Die  mu- 
riate of  nickel  is  decompolable  by  the  action  of 
fire,  and  even  of  the  air  in  the  courfe  of  time. 
The  action  of  the  oxigenated  muriatic  acid 
upon  this  metal  fyas  not  yet  been  tried. 
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28.  The  other  acids  exert  only  a feeble  and 
flow  action  upon  nickel.  The  fluoric  acid 
charges  itfelf  with  difficulty  with  its  oxide* 
and  gives  cryftals  of  a clear  green  colour.  The 
phofphoric  acid  has  only  a feeble  attraction  for 
this  oxide  ; this  folution  has  fcarcely  the  flight* 
eft  greenifli  tinge,  and  affords  no  cryftals.  The 
boracic  acid  does  not  unite  with  it  unlefs  by 
double  elective  attraction.  The  liquid  car- 
bonic acid,  left  for  a long  time  in  eontaCt  with 
nickel,  afforded  Bergmann  no  certain  fign  of 
its  folution.  The  arfenic  acid  forms  with 
nickel  a green  faline  mafs,  which  is  obtained 
by  double  attractions  ; it  feparates  from  the 
nickel  a faline  and  little  foluble  powder.  The 
aCtion  of  the  tungftic,  molybdic,  and  chromic 
acids  upon  nickel  is  not  known. 

I.  A&ion  upon  the  Bajes  and  the  Salts. 

/ w 

29.  The  arid  earths,  filex,  alumine,  exert 
no  aCtion  upon  nickel  ; treated  by  alkaline 
fluxes,  with  its  oxide,  they  become  tinged  with  a 
hyacinth,  or  an  orange-red  colour  ; if  it  con- 
tain much  arfenic,  or  cobalt,  the  glaffes  which 
it  tinges  turn  to  the  blue  or  violet  colour. 

30.  The  fixed  alkalis  diffolve  its  oxide  in 
little  abundance,  and  affume  with  it  a yellow 
colour;  but  this  oxide  is  very  foluble  in  am- 
monia, which  does  not  aCt  upon  the  metal. 
The  ammoniacal  folution  is  of  a deep  blue 
colour,  which  has  not  the  liveliness  and  Luftm 
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of  that  of  copper,  concerning  which  we  fhall 
fpeak  hereafter  ; it  has  its  ch  a rafter  iff  ic  tinge, 
which  an  experienced  chemift  ought  eafily  to 
lecognife.  When  evaporated,  it  precipitates 
a blackifli-brown  powder,  and  pafles  from  the 
blue  to  the  green  colour.  Moft  of  the  metals 
feparate  the  nickel  from  it*  This  great  folu- 
bility  of  the  oxide  of  nickel  in  ammonia  ferveS 
10 m et i mes  to  feparate  it  from  that  of  cobalt. 

31.  Nickel  aéts,  amongft  the  faits,  only  upon 
the  genera  of  the  nitrates,  the  fuper-oxigenated 
muriates,  the  phofphates  and  the  borates.  The 
two'  fir  ft  burn  it  and  reduce  it  to  the  ftate  of 
oxide  ; it  fufes  with  the  two  others,  combines 
w ith  them,  and  gives  them  a hyacinth  colour.  It 
may  be  remembered  that  the  nitrate  of  pot-afh, 
which  detonates  feebly  with  nickel,  enables  ns  to 
find  in  it,  by  blue  fcoria,  cobalt,  of  Which  no 
other  means  can  fhow  any  trace.  The  fuper* 
oxigenated  muriate  of  mercury  burns  this  metal 
in  a mil  more  lively  and  complete  manner,  and 
may  ferve  to  purify  it,  as  alfo  to  make  the  ana* 
i3T(is  of  its  ores,  w hen  the  ufe  of  this  important 
fait  fhall  be  better  known,  and  more  generally 
diffufed  than  has  hitherto  been  the  cafe.  Thefe 
two  faline  fubftances  caufe  the  hyacinth  colour 
of  the  oxide  of  nickel  to  remppear,  or  aug- 
ment it  with  much  intenfity  in  glaffes,  which, 
on  account  of  the  fmall  quantity  which  they 
contain  of  it,  and  even  on  account  of  their  vi- 
trification itfelf,  prefen t no  trace  of  it,  or  ex- 
hibit only  a v e ry  fl  ight  t i n ge. 
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32.  Nickel  has  hitherto  been  applied  to 
little  or  noufe  : it  cannot,  however,  be  doubted, 
that  it  may  be  employed  with  great  advantage 
in  the  manufadture  of  enamels,  glal's,  porcelain, 
and  pottery.  It  is  even  probable,  that  it  may 
be  an  ingredient  in  the  fecret  proceffes  of  fome 
manufactures,  as  large  provifions  of  it  are  fre- 
quently found  with  the  druggifts  of  Paris,  who 
procure  it  from  Saxony  only  in  proportion  to 
the  demand  which  is  made  for  it. 

33.  When  new  inveftigations  lliall  have  been 
made  relative  to  this  lingular  metal,  which  de- 
ferves  all  the  attention  of  chemifts  ; when  the 
means  of  purifying  it  lhall  have  been  difcovered, 
which  I believe  to  be  more  eafy  than  Bergmann 
thinks,  it  will  become  very  advantageous,  and 
undoubtedly  much  employed.  Hitherto,  it  has 
been  only  a fpecies  of  alloy  for  chemifts.  If 
after  its  purification,  it  exhibits  the  conliderable 
ductility  of  which  Bergmann  has  fpokeu,  it  will 
be  necdfary  to* remove  it  from  the  rank  which 
I have  ailigned  it  in  the  Syftem  of  Chemif- 
try,  and  place  it  immediately  befide  zinc.  I 
have  not  yet  placed  it  in  this  rank,  but  have 
left  it  after  cobalt,  becaufe,  with  fome  analo- 
gies with  this  metal,  it  appeared  to  me,  that 
it  mult  owe  its  du&iiity  to  its  being  alloyed 
with  iron. 

Art  i- 
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Article  X. 

Of  Manganefe , 

A.  Hijlory » 

1.  THE  native  oxide  of  this  metal  has  long 
been  employed  in  the  glafs  manufactories,  under 
the  name  of  glafs-makef s foap , on  account  of 
its  property  of  whitening  glafs;  it  was  known 
by  the  name  of  black  magnefia  or  manganefe* 
Its  multiplied  ufes  had  given  no  light  refpeCting 
its  intimate  nature,  and  before  the  exaCt  invefti» 
gâtions  of  which  I am  about  to  fpeak,  no  lefs 
erroneous,  than  different  opinions  concerning  it, 
had  obtained  amongft  mineralogifts.  Mo  ft  na- 
tural ills  considered  this  fubftance  as  a poor  and 
refraftorv  iron  ore,  undoubtedly,  on  account  of 
its  colour,  and  the  ferruginous  oxide  with 
which  its  furface  is  often  covered,  or  with  which 
its  fragments  are  frequently  accompanied  in  the 
mines.  However,  Pott  and  Cronftedt,  the 
fir  ft  mineralogifts  who  have  drawn  great  lights 
from  chemical  analyfes  for  the  knowledge  and 
claffification  of  foflils,  did  not  recognife  in  their 
experiments  the  ferruginous  nature  of  the  fub- 
ftance which  was  called  manganefe.  Other 
mineralogifts  had  placed  this  metallic  foffil 
amongft  the  ores  of  zinc,  without  having  given 
any  proof  of  this  hazarded  affertion.  Weltfeld 
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published,  in  17b7,  a treatife  upon  this  mineral, 
in  which  he  endeavoured  to  afeertain  its  confti- 
tuent  parts,  but  by  experiments  fo  inaccurate, 
that  his  work  is  a feries  of  errors,  to  which,  in- 
deed, the  period  in  which  he  wrote  greatly  con- 
tributed. 

Bergmann  and  Scheele  are  the  fir  ft  chemifts 
who,  having  chofen  manganefe  for  the  objedt  of 
their  inveftigations,  have  placed  its  nature  as  a 
particular  metal  in  the  cleared  light.  The  for- 
mer has  given  its  hiftory  in  his  excellent  Diffcr- 
tation  on  the  white  ores  of  iron,  in  1774,  and 
had  already,  for  fome  years,  confidered  it  as 

a metal  different  from  all  others,  on  account 

/ 

of  its  weight,  its  property  of  colouring  glafs, 
that  of  being  precipitated  in  a white  form 
by  the  alkaline  pruftiates,  and  on  account 
of  the  impoflibility  of  either  feparating  from  it 
feveral  different  metals,  or  of  imitating  or  pro- 
ducing it  by  alloys.  Scheele,  induced  by 
Bergmann,  who  fhowed  all  the  importance  of 
fuch  an  inquiry,  to  examine  with  accuracy  the 
native  oxide  of  manganefe,  laid  before  the 
Academy  of  Stockholm,  in  1774,  after  re- 
fourches  continued  during  three  years,  a memoir 
which  deferves  to  be  confidered  as  a mailer- 
piece  of  this  able  chemift,  though  he  has 
deceived  himfelf  with  refpedt  to  the  theory  of 
the  phenomena  which  this  fubftance  prefented 
to  him.  His  work  contains  a numerous  feries 
of  difeoveries,  which  led  him  to  confide*'  this 
foffil  as  the  oxide  of  a particular  metal,  very 
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different  from  all  others»  It  was  in  the  courfe 
of  his  labours  upon  this  native  metallic  oxide 
that  he  difcoverecl  its  properties,  and  the  parti- 
cular nature  of  barites. 

3.  Gahn,  a pupil  of  Bergmann,  was  the  firil 
who,  according  to  the  teftimony  of  his  mailer, 
obtained  the  particular  metal  contained  in  the 
native  oxide  of  manganefe,  and  fmce  him,  ah 
moil  all  chemifts  have  fucceeded  in  extracting  it. 
Mr.  Champy  was  one  of  the  firft  who  extracted 
it  in  con fiderable  abundance  in  France,  from  the 
oxide  of  manganefe  of  la  Romèneche,  and  ob- 
tained it  in  the  form  of  a well-formed  button  « 
Mr.  Ifleman  has  publifhed,  in  C rail’s  Journal, 
a feries  of  experiments  upon  this  metal.  M.  M. 
Engeftroem  and  Rinman  have  given,  in  the 
Memoirs  of  the  Academy  of  Stockholm,  de- 
tails concerning  feveral  ores  of  manganefe,  and 
have  confirmed  all  the  refults  of  Scheele.  Citi- 
zen Lapeyroufe  has  given  accounts  of  a great 
number  of  varieties  of  ores  of  manganefe,  and 
has  efpecially  d i fc over ed  this  metal  in  its  native 
ftate  in  France. 

4.  The  French  chemifts,  fmce  the  eftablifh- 
ment  of  the  pneumatic  doctrine,  have  given  a 
new  value  to  the  experiments  of  Scheele  and 
Bergmann.  either  by  rendering  them  fubfervient 
to  the  consolidation  of  this  doârme,  by  the 
fundamental  principles  of  which  they  are  ex- 
plained, at  the  fame  time  in  fo  natural  and  fo 
fimple  a manner,  or  by  pointing  out  a relation 
between  them,  of  which  their  authors  had  not 

3 . been 


MA  3J  O AXE  SE* 


been  aware.  They  have  ftown,  that  no  fub-* 
f tance  prefents  more  favourable  phenomena 
than  this  new  metal  to  the  data  of  the  theory 

t j 

or  the  elaftic  fluids,  and  they  have  .found  in 
manganefe,  and  efpecially  in  its  oxide,  a fource 
of  procefles  and  experiments  which  would  alone 
be  fuffieient  for  eftabli filing  all  the  fundamental 
points  of  this  dodtrine.  The  analogy  of  thefe 
phenomena  with  thofe  prefented  by  other  metals, 
and  the  combuftible  bodies  in  general,  efpecially 
produce  the  hrongeft  convidtion  in  the  minds 
of  thofe  who  obferve  them.  On  this  account, 
I fhajl  e^pofe  them  with  every  requifite  eluci- 
dation, offering  them,  particularly  as  a ftriking 
pidfure  of  the  colledtive  bafes  of  the  French 
pneumatic  theory. 

' * 

B.  Phyjical  Properties. 

5.  Manga  nese  extradted  by  the  pro c eft 
that  lhall  be  indicated,  is  diflinguiflied  from  all 
other  metals  by  the  following  properties.  It  is 
of  a brilliant  whiteneft  approaching  to  grey, 
which  is  quickly  altered  in  the  air  ; its  texture 
is  granulated,  without  being  fo  fine  and  clofe 
as  that  of  cobalt  ; its  fradture  is  rough  and  un- 
equal;  its  fpecific  weight  is  6,850.  It  holds, 
together  with  iron,  the  firft  rank  in  the  order 
of  hardnefs.  It  is  one  of  the  molt  brittle  metals  : 
at  the  fame  time  it  is  one  of  the  moft  difficult 
to  be  fufed.  Citizen  Guyton  places  it  imme- 
diately after  platina,  and  determines  it  at  the 
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l5ûth  degree  of  Wedgwood’s  pyrometer.  We 
know  neither  its  dilatability  by  caloric,  nor  its 
conducing  property.  It  is  frequently  fufcep- 
tible  of  being  attracted  by  the  load-ftone,  efpe- 
cially  when  it  is  in  the  ftate  of  powder,  on 
account  of  the  iron  which  it  contains,  and 
which  is  almoft  as  difficult  to  be  feparated 
from  it  as  from  nickel  ; it  has  no  perceptible 
imell  nor  tafte  ; in  communication  with  other 
metals,  it  exerts  the  galvanic  action  upon  the 
nervous  and  mufcular  fvftems  of  animals  : its 

4-’' 

colour  is  extremely  variable, 

> 

C.  'Natural  Hijlory. 

6 , Only  one  ore  of  manganefe  is  as  yet  well 
known,  namely,  its  native  oxide,  which  fome 
modern  mineralogifts,  amongft  others  Mr.  Kir- 
wan,  announced  as  being  combined  with  car- 
bonic acid.  This  oxide  is  frequently  mixed  with 
iron,  barites,  filex,  lime,  &c.  : it  varies  alfo 
by  its  ltate  of  oxidation,  or  by  the  proportion 
of  oxigen  which  it  contains.  The  following 
are  the  refults  which  Scheele  has  obtained  re- 
fpeéting  its  varieties  of  colour.  The  blue  oxide 
is  the  lead  oxigenated  of  all  : the  green  proceeds 
from  the  mixture  of  the  preceding  with  the  yeU 
low  oxide  of  iron  ; in  the  yellow,  the  latter  is 
very  predominant  : the  red  is  more  oxided 
than  the  preceding  ones  ; the  black,  on  the 
contrary,  is  oxigenated  in  the  higheft  poffible 
degree, 
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7 . Mr*  Kir  wan  diftinguifhes  three  principal 
varieties  of  native  oxide  of  manganefe,  the 
white,  the  red,  and  the  black. 

A.  The  white,  which  contains  the  leaft  iron 
and  the  leaf!  oxigen  : M#  Rinman  has  f ound 
it  in  fmall  cry  fiais,  or  in  rounded  mafles  of  & 
fparry  texture  in  the  cavities  of  quartz  ; he 
has  found  fome  of  a yellow  colour,  covered 
with  a blackifh  and  fuliginous  incruftation. 
Citizen  Lapeyroufe  has  found  it  in  a fpongy 
effiorefcence  upon  ores  of  iron,  and  efpecially 
upon  the  haematite*  There  are  carbonates  of 
iron,  of  a white  colour,  which  contain  more 
of  this  oxide  than  that  of  iron*  Every  white 
oxide  of  manganefe  becomes  tarnifhed  in  the 
air,  and  powerfully  abforbs  oxigen  from  it. 

B.  The  red,  according  to  Mr.  Kir  wan,  con-' 
tains  left  carbonic  acid,  and  more  iron  than  the 
white  ; it  is,  either  friable,  or  hard  in  carbonate 
of  lime,  fchiftus,  upon  the  haematites,  or  in 
kmellated  maffes,  radiated  or  cryftallized  in 
pyramids,  in  rhomboids,  in  fhort  and  brittle 
needles* 

C*  The  black  and  brown  frequently  cryftal- 
Iked  like  the  red,  or  in  folid  mattes  of  a metallic 
or  a tarnifhed  and  earthy  appearance,  mixed 
with  quartz,  &c*  ; it  weighs  4,000.  To  this 
variety,  Mr.  Kir  wan  refers,  1.  The  Périgord 
ft  one,  generally  of  an  obfcure  grey  colour, 
very  heavy,  eafy  to  be  fcraped  with  the  knife, 
though  hard  and  difficult  to  be  broken  in  pieces, 
hecomirur  harder,  and  of  a reddifh- brown  colour 
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by  calcination,  without  becoming  attradled 
by  the  magnet,  giving  borax  the  colour  of 
the  amethyft  ; 2.  Black-wad , of  a deep  brown 
colour,  in  the  form  of  powder,  or  fmall,  hard, 
and  brittle  maffes,  in  which  Wedgwood  has 
found  0,43  of  manganefe,  43  of  iron,  0,14  of 
lead,  and  0,05  of  mica,  and  which,  after  having 
been  dried,  and  kneaded  cold  with  lintfeed- 
oil,  becomes  fpontaneoufty  heated  and  inflamed, 

8.  Citizen  Ilaiiy,  who  gives  only  one  fpecies 
of  ore  of  manganefe,  its  native  oxide,  divides 
its  varieties  into  two  fedtions  ; the  one  poffcffmg 
the  metallic  ftate,  at  leaft,  in  the  fradture,  and 
eafily  tranfmitting  the  eledlric  fpaik  ; the  others 
deftitute  of  the  metallic  ftate,  and  tranfmitting 
the  eledtric  fpark  only  in  a feeble  manner. 

The  firft  have  fome  refemblance  with  the  na- 
tive fulphuret  of  antimony:  the  diftinguilhing 
character,  which  is  eafily  recognifed,  is  that 
the  oxide  of  manganefe,  rubbed  upon  a dark- 
coloured  ftone  like  the  fate,  and  wiped  lightly 
with  the  finger,  leaves  a tarnified  and  dull- 
coloured  trace,  whilftthe  fulphuret  of  antimony 
marks  it  with  a very  fenfible  metallic  brilliancy. 

The  fécond  varieties  are  of  different  colours, 
efpecially  black,  brown,  yellowifi,  red,  of  dif- 
ferent prifmatic  forms  by  diminution,  folid  and 
compadt,  tuberculated,  in  efflorefeence.  They 
yield  oxigen  gas,  like  the  firft,  and  frequently 
more  than  thofe,  when  heated  in  clofe-vdfels. 

9-  When  we  compare  the  different  forms  and 
appearances  prefented  by  the  numerous  varie- 
ties 
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ties  of  native  oxide  of  manganefe,  we  find  that 
the  in  oft  regular,  and  at  the  fame  time  the  moil 
brilliant  and  metalliform,  is  in  tetrahedral  rhom- 
boidal  prifms,  ttriated  ' and  fcpaiaie,  01  in 
needles  united  into  bundles,  or  in  rays  and 
fiats.  A mon  g ft  thofe  which  have  not  the  me- 
tallic appearance,  we  particularly  diftinguifh  a 
brown,  blackiih,  and  friable  efflorefeeaee,  which 
fiains  the  fingers  like  loot  ; a variety'  ot  a dull 
velvet  black  ; the  compact  and  irregular  grey 
variety,  rcddilh-brown,  compact,  very  heavy, 
cavernous,  exhibiting  rudiments  ot  finning 
cryftals  in  its  cavities  : the  latter  is  frequently 
called  ftone,  and  it  is  the  molt  common  and  molt 


in  ufe  in  the  manufactories  of  glafs. 

1 0.  Citizen  Lapeyroufe  dii covered  and  def- 
cribed,  in  the  year  1786,  native  manganefe  in 
metallic  globules  at  Sent,  in  the  iron-oies  ot 
the  valley  of  Vicdefos,  in  the  [ci-devant]  comté 

de  Foix.'  He  is  the  only  naturalift  who  has 
found  this  metal  in  the  native  bate.  It  was 
in  the  form  of  fmall  buttons  a little  flattened, 


malleable,  of  a lamellated  texture  : it  is  very 
probable,  that  this  was  only  an  alloy  with  iron  ; 
for  mangancie  is  too  combuitible*  to  he  capable 
of  remaining  without  alteration  in  the  metukic 


form. 

1 i.  It  is  neceffary  to  add,  that  the  oxide  of 
manganefe  is  found  very  frequently  with  other 
mineralized  fubltances,  etpecially  in  the  ores  ot 
iron,  that  Scheele  has  found  it  in  a great  num- 
ber of  charcoals  and  vegetable  aihes,  and  that 

; he 
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he  attributes  to  it  the  green  and  red  colours, 
which  the  fixed  alkali  that  proceeds  from  theie 
aihes  fo  often  afl  unies.  We  lliali  have  occafion 


to  fpeak  again  of  this  phenomenon  in  another 
place.  Hielm  has  found  the  muriate  ot  man- 


ganefe difl'olved  in  waters  near  the  lake  W ettern  ; 
and  Citizen  Guyton  allures  us,  that  carbonate 
of  manganefe  exifts  in  the  water  of  the  coaft  ot 


Chatillon  in  Bugey. 

O v 


1).  AJfays  and  Metallurgy. 
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12.  The  native  oxide  of  manganefe  is  not 
well  reduced,  except  when  we  avoid  heating 
it  with  fluxes,  and  this  is  undoubtedly  the  rea- 
fon  why  the  chemifts  have  remained  fo  long 
ignorant  of  the  exigence  of  the  particular  metal 
which  is  contained  in  it.  Gahn  firft  luceeeded 
in  obtaining  it,  only  becaufe  he  employed  no  flux  ; 
in  however  fmall  a quantity  we  may  add  theie, 
the  oxide  becomes  vitrified  : this  fact  has  fince 
been  well  confirmed  by  Bergman  n by  Citizens 
Guyton  and  Champy,  and  by  my  own  experi- 
ments. According  to  thefe  principles,  the 
following  is  the  procefs  of  Bergmann,  which 
fucceeds  well. 

13,  We  form  a pafte  of  native  oxide  of  man- 
ganefe  finely  pulverized,  and  water  ; of  this  we 
form  a ball,  which  we  place  in  a lined  cruci- 
ble, upon  the  bottom  of  which  is  beaten  a thick 
layer  of  powdered  charcoal  ; we  furround  and 
cover  the  ball  with  charcoal;  and  clofewith  an- 
other 
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other  crucible  inverted  and  luted  ; and  then  heat 
with  the  moft  violent  fire  that  can  be  made  in 
à laboratory  for  upwards  of  an  hour.  It  is  ne- 
êeffary  that  the  temperature  of  the  furnace 
fhould  amount  at  leaft  to  16()  degrees  ofWedg- 
wood’s  pyrometer.  After  the  crucible  has  cooled, 
we  find  below,  or  even  in  the  middle  of  a fcoria, 
more  or  lefs  vitrified,  one  or  more  metallic  glo- 
bules, which  amount  to  near  a third  part  of  the 
quantity  of  the  oxide  of  manganefe  that  has 
been  employed  ; Bergmann  makes  them  amount 
to  0,30.  If  the  fire  be  not  fufficiently  ftrong, 
the  grains  of  metal  being  too  fmall  and  difte- 
ruinated  in  the  fcoria,  cannot  unite.  It  is  alfo 
obferved,  that  when  the  crucible  is  overheated* 
and  the  metal  touches  its  fides,  the  whole  mafs 
is  vitrified,  and  no  metal  is  obtained.  1 have 
fevera!  times  attempted  this  difficult  redudtion  ; 
I have  never  had  a fufficiently  ftrong  fire  in  my 
laboratories  to  collect  the  manganefe  in  a fingle 
button  ; but  I have  obtained  it  in  grains  or 
fmall  globules,  each  of  which  vrere  furrounded 
with  a vitreous  cruft  of  a deep  green  colour. 

14.  Bergmann,  in  his  Diftertation  on  humid 
Allaying,  gives  as  docimaftic  procefles  for  the 
ores  of  manganefe,  the  folution  in  nitric  acid, 
with  the  addition  of  fugar,  evaporation  to 
drynefs  of  the  nitrate  vdfich  is  thus  obtained 
from  them,  and  treatment  of  the  mixed  ox- 
ides of  manganefe  and  of  iron,  by  the  ace- 
tous, or  the  very  weak  nitric  acid,  wdftch  dif- 
folve  the  fir  ft,  without  attacking  the  fécond  by 
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the  addition  of  the  fugar.  He  obferves  alfo* 
that  when  a folution  of  manganefe  and  of  iron 
is  precipitated  by  the  alkaline  pruffiates,  the 
precipitate  of  pruffiate  of  manganefe  is  foluble 
in  water,  whilft  that  of  iron  is  not,  and  that  this 
property  furniihes  a very  good  means  for  fe- 
parating  thefe  two  metals.  It  was  by  this  means 
that  Citizen  Guyton  difcovered  the  prefence 
of  carbonate  of  manganefe  in  the  water  of  Cha~ 
tillon  ; but  he  remarks,  that  there  is  at  the  fame 
time  afmall  quantity  of  pruffiate  of  iron  diffolved 
in  it. 

15.  The  01  ’es  of  manganefe  are  not  worked  in 
the  large  way,  not  merely  on  account  of  the 
refractory  nature  of  thefe  ores,  bat  more  efpe- 
cially  bee  a ufe  it  is  of  no  utility  in  its  metallic 
ftate.  The  places  where  the  native  oxide  of 
manganefe  is  found,  are  merely  worked,  in  order 
to  furnilli  the  manufactories  of  glafs,  See.  with 
this  oxide  which  is  employed  in  them* 

E.  Treatment  by  Fire  and  Air „ 

, f 

16*.  It  muft  have  appeared  from  the  preceding 
details,  that  as  the  oxide  of  manganefe  exifts 
in  great  abundance  in  the  bowels  of  the  earth, 
whilft  the  metal,  on  the  contrary,  is  very  difficult 
to  be  obtained,  the  oxide  only  muft  have  been 
employed  in  the  arts.  As  it  is  alfo  upon  this  fub- 
itance  that  all  the  experiments  and  difeoveries 
of  Schcele  have  been  made,  who  did  not  know 
the  metal,  there  is  no  other  method  whereby 
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we  can  well  underhand  and  comprehend  the 
whole,  than  to  compare,  in  the  expofition  of 
each  mode  of  treatment  and  phenomenon,  the 
properties  of  this  metal  and  thofe  of  the  oxide, 
or  rather  of  the  oxides;  for  it  will  frequently 
be  necefiary  to  defcribe,  in  particular  the  effects 
of  that  which  is  at  the  maximum , and  that 
which  is  at  the  minimum  of  oxidation. 

17.  There  is  no  metal  equally  combuftible, 
and  which  combines  with  oxigen  more  eafily 
as  well  as  more  fpeedily,  than  inanganefe.  Berg- 
man n had  remarked,  that  its  colour  was  very 
fubject  to  alteration  by  the  air,  and  that  it  was 
fometimes  refolved  into  a brown  powder  ap- 
proaching to  a black,  which  weighed  more  than 
the  entire  metal  ; he  was  flill  ignorant  of  the 
caiife  of  this  phenomenon,  which  he  attributed 
in  a vague  manner  to  the  little  approximation 
of  the  particles  ; moifture  had  appeared  to  him 
to  favour  it,  as  well  as  the  impreffion  of  the 
atmofpherical  air  ; for  he  had  obferved,  that  a 
fmall  fragment  of  this  metal,  inclofed  in  a dry 
well- corked  bottle,  remained  entire  for  the 
fpace  of  fix  months,  but  that  having  been  after- 
wards expofed  to  the  free  air  for  twice  twenty- 
four  hours,  its  furface  was  tarai  (lied,  and  it  had 
become  friable  under  the  finger;  finally  he  ob- 
ferved, that  the  parts  moll  charged  with  iron 
refilled  this  fpontaneous  alteration  much  better, 
This  is,  undoubtedly,  the  cafe  with  the  buttons 
that  were  kept  expofed  to  the  air  for  feveral 
years  without  alteration  by  Citizen  Guyton, 
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though,  they  were,  however,  not  fenfibly  mag- 
netic. The  following  is  what  I have  afcer- 
tained  relative  to  the  fpontaneous  oxidability 
of  manganefe.  On  breaking  the  fmall  globules, 
which  I had  obtained  by  the  reduction  of  the 
native  oxide  without  flux,  I perceived  that 
their  freili  furface,  from  the  brilliant  greyifh 
white  which  it  exhibited  at  the  moment  when 
it  was  firft  expofed,  became  aim  oft  inftantane- 
oufly  tarnifhed  in  the  air,  and  foon  affumed  a 
lilac  colour,  afterwards  a violet,  which  quickly 
palfed  into  a black.  In  the  latter  ftate,  they 
were  friable  under  the  finger,  and  formed  a 
black  powder  fimilar  to  the  native  oxides.  Hav- 
ing inclofed  fome  of  thefe  globules  entire,  and 
covered  with  the  fmall  laver  of  oxide  formed 
or  left  during  their  fufion,  in  a fmall  bottle 
well-corked,  they  remained  there  entire  ; but 
having  broken  them,  in  order  to  obierve  their 
grain  and  internal  texture,  and  having  placed 
them  again  in  the  fame  bottle,  which  was  agi- 
tated from  time  to  time  in  order  to  obferve 
them,  they  were  found  at  the  end  of  fome 
months  entirely  reduced  to  a black  powder, 
which  was  more  ponderous  than  the  globules 
had  been. 

18.  It  cannot  be  doubted  that  this  pheno- 
menon depends  upon  the  quick  and  eafy  abforp- 
tion  of  the  atmofpheric  oxigen  by  the  maaga- 
nefe  ; but  it  is  very  remarkable,  that  this  is  the 
only  metal  which  prefents  lb  rapid  and  violent 
an  abforption.  This  celerity  of  combuftion, 
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which  is  not  furpaffed  by  any  of  the  combuftible 
fubftances  except  phofphorus,  is  united  with 
the  powerful  attraction  which  this  metal  exerts 
upon  oxigen.  We  fhall  fee  hereafter  that  it 
takes  it  away  from  iron  and  zinc,  and  that  it 
ranks  above  all  other  metals  with  refpeCt  to  this 
property  : accordingly  Citizen  Guyton  has 
placed  it  in  the  firft  rank  of  oxidabiiity  ; but 
it  is  not  evident  with  what  reafon  he  places  in 
the  fame  line,  iron,  zinc,  cobalt,  and  nickel,  as 
thefe  metals  are  far  from  exerting  upon  oxigen 
an  equally  ftrong  and  aCtive  attraction.  This  is 
incontrovertibly  proved  by  one  of  the  experi- 
ments of  Bergmann.  Having  ftrongly  heated, 
for  the  fpace  of  twenty  minutes,  with  the  acid 
of  fulphur,  fome  pieces  of  manganefe  inclofed 
in  a covered  HeiTian  crucible,  in  which,  how- 
ever, there  was  a fufficient  quantity  of  air  to 
effeCt  its  oxidation,  he  obtained  an  opaque 
yellow  glafs,  and  a final!  globule  of  iron  ; con* 
fequently  the  manganefe  was  oxidated  and  vi- 
, trifled  in  a place  and  temperature  in  which  the 
iron  refifted  and  was  merely  fufed^  This  re* 
markable  oxidabiiity  of  manganefe  has  induced 
me  to  think  that  it  might  be  employed  as  an 
eudiometer,  and  that  in  order  to  preferve  it,  it 
ought  to  be  kept  under  oil,  as  water  is  not  ade* 
quate  for  this  pur  pole- 

19*  It  is  natural  to  expeCt  that  manganefe 
in uft  be  ftill  more  altered  and  bum  with  rapidity 
when  heated  in  contact  with  the  ai  it  We  fee  it 
pais  luccelflvely  through  the  grey,  yellow,  red, 
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brown,  and  black  colours,  in  proportion  as  itab- 
forbs  larger  quantities  of  oxigen.  Bergmann  fays, 
that  the  artificial  oxide,  heated  for  twelve  days, 
without  interruption,  paffes  to  an  opaque  green 
colour.  I have  no  doubt,  that  at  a high  tempera- 
ture, to  which  it  fliould  be  raifed  with  rapidity 
and  without  having  buffered  it  to  faturate  itfelf 
with  oxigen,  for  example,  when  heated  to  red- 
nefs  in  a well-clofed  apparatus,  and  fuddenly 
plunged  into  vital  air,  at  the  moment  when  it 
would  be  ready  for  ftifion,  it  would  become  in- 
flamed in  as  lively  a manner  as  iron  and  phof- 
phorus,  and  throw  out  burning  and  very  lumi- 
nous fparks  to  a confiderable  diftance,  though 
the  experiment  has  not  yet  been  made.  The 
proportions  of  oxigen  have  not  yet  been  deter- 
mined, which  it  contains  in  its  different  ftates 
of  oxidation,  from  the  grey-white,  its  evident 
minimum , to  the  deep  black,  its  certain  maxi - 
mum  of  oxidation.  Bergmann  afferts,  that 
manganefe  that  had  efflorefced  in  the  air,  and 
been  converted  into  an  obfcure  (brown)  oxide, 
during  fourteen  days,  was  augmented  by  0 ,350 
It  is  known,  that  at  the  ultimate  term  of  oxida- 
tion, an  hundred  parts  of  manganefe  areincreafed 
in  weight  to  1 68. 

20.  The  native  or  artificial  oxides  of  manga- 
nefe comport  themfelves  differently,  when  we 
expofe  them  to  the  light  and  the  aélion  of  ca- 
loric, according  to  their  ftate  of  oxidation, 
Thofe  which  are  the  mo  ft  oxided  and  the 
blacked,  to  which  thofe  which  are  brilliant  and 
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metalli-fôrm  in  nature  fometimes  approach,  when 
diftilled,  or  rather  heated,  in  clofe  veffels,  with 
the  pneumelio-chemical  apparatus,  yield  large 
quantities  of  confklerably  pure  oxigcn  ; lefs  is  ob- 
tained from  the  clear  brown,  the  yellow,  and  the 
grey,  and  none  at  all  from  the  white  oxides.  This 
fact,  which  is  well  attefted,  proves  that  the  dif- 
ferent portions  of  oxigen  contained  in  the  moft 
complete  oxide  of  manganefe,  adhere  to  the 
metal  with  a different  force,  and  that  we  may 
feparate  from  it  more  or  lefs  eafily  the  portion 
which  blackens  it,  and  in  general  colours  it  be- 
yond the  white,  and  that  that  which  is  combined 
with  it  in  the  laft-mentioned  hate  of  coloura- 
tion, adheres  to  it  with  fuch  energy,  that  the 
adtion  of  the  fire  is  incapable  of  feparating  it 
without  the  intervention  of  a fubhance  which 
joins  to  it  its  own  particular  attraction,  fuch 
as  charcoal. 

21.  This  property  of  the  coloured  oxides  of 
manganefe,  of  affording  oxigen  gas  by  the 
adtion  of  caloric,  is  frequently  made  ufe  of 
in  the  chemical  laboratories  for  procuring  this 
fpecies  of  elaftic  fluid.  It  has,  however,  been 
obferved,  that  this  gas  is  not  fo  pure  as  that 
which  is  extracted  from  the  fpontaneous  oxide 
of  mercury,  and  efpecially  as  that  which  is  af- 
forded by  the  fuper-oxigenated  muriate  of  pot- 
afli.  Sometimes  it  contains  a fmall  quantity  of 
carbonic  acid  gas;  fometimes  alfo  we  find  in  it 
a fmall  portion  of  azotic  gas,  and  it  is  undoubt- 
edly to  the  prefence  of  the  latter  fubftance,  that 
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we  are  to  attribute  the  Angular  fact,  obferved 
long  fince  by  Bergmann,  of  fome  nitrous  drops 
or  vapours  difengaged  during  the  treatment  of 
the  oxide  of  menganefe,  in  a diftilling  apparatus. 
It  is  therefore  evident,  that  for  accurate  expe- 
riments, the  gas  difengaged  from  the  fuper- 
oxigenated  muriate  of  pot-afh  is  to  be  pre- 
ferred. 

22.  In  proportion  as  the  oxigen  is  feparated 
in  the  form  of  gas  from  an  oxide  of  manganefe 
coloured  by  the  action  of  tire,  it  lofes  its  colour, 
and  always  patfes  towards  the  grey  or  white, 
which  as  we  have  already  feen,  approaches  to 
the  metallic  hate  : when  this  oxide,  in  part  dif* 
oxided,  is  expofed  to  the  contadt  of  the  air, 
it  abforbs  atmofpherical  oxigen,  blackens,  and 
becomes  capable  of  yielding  a new  quantity  of 
gas  by  the  addon  of  caloric.  I have  repeated 
this  experiment  three  fucceffive  times  upon  the 
fame  oxide  of  manganefe,  and  have  thereby 
convinced  myfelf  that  this  oxide,  deprived  of 
the  portion  of  the  oxidating  principle,  which  is 
difengaged  from  it  by  the  action  of  caloric,  is  a 
fpecies  of  load-hone  ( aimant ) for  the  atmof- 
pherical oxigen,  by  the  aid  of  which  we  may 
procure  this  gas,  almoft  without  any  other  coft 
than  that  of  the  combuftibles  requihte  for  dih 
engaging  it;  but  this  gas  is  not  fufficiently  pure 
for  delicate  experiments, 

23.  To  thefe  properties  of  the  oxide  of  man- 
ganele  dependent  upon  caloric,  there  is  alfo  to 
be  added  that  of  vitrifying  alone  when  adted 
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upon  by  a ftrongheat,  and  of  yielding  a greenifh 
glafs  when  heated  in  a veffel  which  contains 
air,  and  which  does  not  faffer  the  oxigen  be- 
longing to  the  metal  to  be  difen  gaged  in  the 
ftate  of  gas. 

F.  Treatment  with  combujlible  Bodies « 

£4.  No  combination  is  known  of  manganefe 
with  azote,  hidrogen,  and  carbon.  It  is 
known,  that  the  latter,  heated  ftrongly  with  the 
oxide  of  this  metal,  takes  from  it  its  oxigen,  and 
reduces  it  if  at  a very  high  temperature  : it  ap- 
pears, that  it  does  not  unite  in  this  cafe  with  the 
metal,  but  with  the  iron  which  is  alloved  with 
it,  as  will  be  ill  own  hereafter. 

£5.  Bergmann  fays,  that  metallic  manganefe 
appears  to  refill  combination  with  fulphur, 
which  I do  not  yet  confider  as  certain  ; but  he 
defcribes  the  combination  which  he  formed 
between  fulphur  and  the  oxide  of  manganefe. 
Eight  parts  of  this  oxide  united  with  three  parts 
of  fulphur,  in  a glafs  retort,  and  produced  a 
greenifh  yellow  mafs,  fufceptible  of  being  at- 
tacked with  effervefcence,  and  yielding  ful- 
phurated  hidrogen  gas  by  the  acids.  Scheele 
has  alfo  obferved  that  part  of  the  fulphur 
paffed  to  the  bate  of  fulphureous  acid  in  this 
operation. 

£6.  Pelletier  has  fpoken  of  the  combination 
of  manganefe  with  phofphorus.  Having  heated 
equal  parts  of  phofphoric  glafs  and  manganefe 
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with  a quantity  of  charcoal,  equal  to  an  eighth 
of  the  former,  he  obtained  a phofphuret  of  a 
white,  brilliant,  and  metallic  colour,  of  a gra- 
nulated texture,  much  difpofed,  as  he  fays,  to 
crydallization,  brittle,  and  which  remains  in 
the  air  without  efïîorefcence.  He  obferves,  that 
the  manganefe  which  he  employed  was  not  ef- 
florefcent  in  the  air.  It  is  known,  that  this 
property  depends  upon  its  being  alloyed  with 
iron.  Above  the  phofphuret  of  manganefe, 
there  was  an  opaque  glafs  of  a yellowifh  colour* 
He  effedted  the  fame  combination  by  throwing 
phofphorus  upon  manganefe  heated  to  rednefs 
in  a crucible.  This  latter  experiment  having 
been  made  with  efftorefcent  manganefe,  Pelle- 
tier obferves,  that  the  phofphuret,  which  was 
obtained,  does  not  poflefs  that  charadter.  This 
phofphuret  feemed  to  him  to  be  more  fufible 
than  manganefe  : when  it  is  fufed  with  the 
blow-pipe,  the  phofphorus  is  feen  to  bum  in 
proportion  as  the  metal  is  oxided. 

27*  Manganefe  fufes  and  forms  alloys  with 
moft  of  the  metallic  fubftances;  however,  its 
alloys  have  hitherto  been  but  little  examined, 
efpecially  thofe  formed  with  the  metals  that 
have  already  been  defcribed. 


G.  Aflion  upon  Water  and  the  Oxides . 

28.  Though  the  labours  of  Bergmann  and 
Scheele  upon  manganefe  and  its  oxide  have  not 
been  refumed  (ince  the  difcovery  of  the  decom- 
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polition  of  water,  and  though  experience  has  not 
yet  decided  upon  the  reciprocal  effects  of  this 
metal  and  that  liquid,  yet  the  celerity  with  which 
the  metal  unites  with  oxigen,  and  the  attraction 
which  it  appears  to  have  for  the  fir  ft  portion, 
which  converts  it  into  white  oxide,  renders  it 
probable  to  me,  that  it  is,  like  iron  and  zinc, 
and  perhaps  even  ft  ill  more  than  thefe  two  me- 
tals, capable  of  decompofing  water,  and  depriv- 
ing; it  of  its  oxigen.  We  fhall  foon  learn  tome 
facts,  which  appear  to  prove  it  in  a fufificiently 
demonftrative  manner  ; and  it  is  on  this  account 
that  I have  advifed  not  to  keep  it  under  water. 

29.  Its  ftrong  attradtion  for  oxigen  indicates, 
that  it  is  capable  of  taking  this  principle  from 
moil  of  the  metallic  oxides,  and  this  is  in  fact 
what  happens  when  we  plunge  it  into  foiutions 
of  thefe  oxides  by  the  acids  ; but  it  is  necefiary 
we  ih  ou  Id  attend  to  the  different  at  t radiions 
which  it  has  for  various  proportions  of  this 
principle,  and  to  be  well  aware,  that  in  heating 
its  black  oxide,  or  that  which  is  mo  ft  oxidated, 
with  certain  metallic  fubftances,  it  may  reliiw 
quiih  to  them  the  part  of  its  oxigen  to  which  it 
adheres  the  leaft,  and  thus  contradict  in  appear- 
ance the  general  difoxidating  property,  which 
ought  to  confiitute  its  fpecific  character.  This 
variety  of  attraction  for  different  proportions  of 
oxigen  produces  much  variation  in  its  pro- 
perties, and  gives  rife,  as  I ih  all  flow  here- 
after, to  a number  of  phenomena,  which  fome- 
times feem  to  be  contradidtory  to  each  other. 

H.  Treat* 
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H.  Treatment  by  the  Acids. 

30.  It  is  in  this  reciprocal  affion  of  manga- 
nefe  and  its  oxides,  that  the  moft  fmgular  faffs 
in  its  hiftory,  and  the  molt  numerous  phenomena 
of  its  combinations  confift.  It  is  upon  this 
a ft  ion  that  Scheele  and  Bergmann  have  moftly 
in  lifted.  Whilft  it  ferved  them  to  fupport  the 
lingular  theory  which  they  had  already  adopted 
concerning  heat,  as  compofed  ot  air  and  phlo - 
gifion , it  furnilhed  the  pneumatic  doctrine  with 
the  moft  happy  refults  for  its  proofs,  and  the 
moft  fubftantial  fupport  for  its  conlii  mation,  as 
I lh all  lliow  in  the  details  upon  which  I am  aoout 
to  enter,  as  well  from  the  experiments  of  the 
two  illuftrious  Swedifli  chemifts,  and  thofe  which 
are  peculiar  to  myfelf. 

5 i . The  concentrated  fulphuric  acid  afts  even 
in  the  cold  upon  manganefe;  its  action  is  much 
more  prompt  and  ftronger  when  it  is  diluted 
with  two  or  three  parts  water.  Whilft  it  takes 
place,  a remarkable  quantity  of  hidrogen  gas  is 
dife imaged  ; but  its  folution  is  much  flower  than 
that  of  iron.  There  remains  in  the  liquor  a 
black  fpongy  mafs,  which  retains  the  form  of 
the  metal,  and  which,  as  Mr.  Kirwan  has  fhown, 
is  carburet  of  iron,  a proof  of  which  I have  ad- 
vanced (No.  24),  that  carbon,  in  the  reduction 
of  the  manganefe,  combines  with  the  iron.  Its 
neutral  folution  is  white  and  colourlefs;  it  affords 
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by  evaporation  tranfparent  cryftals,  which  are 
alfo  colourlefs,  in  the  form  of  parallelopi- 
pedons,  of  a very  bitter  tafte,  which  fire  decom- 
pofes,  difengaging  from  them  fulphuric  acid 
and  oxigen  gas,  and  from  which  the  fixed  al- 
kalis feparate  a white  oxide  which  quickly 
becomes  brown  when  expofed  to  the  air,  begin- 
ning  at  the  uppermoft  layer  in  the  veflel  in 
which  the  precipitation  has  been  made;  but 
the  alkaline  carbonates  precipitate  from  it  a 
carbonate  of  manganefe  which  does  not  abforb 
the  atmofpheric  oxigen,  nor  become  black  like 
the  preceding.  In  this  aftion  of  the  fulphuric 
acid  we  fee  the  decompofition  of  water,  and  the 
fixation  of  a certain  proportion  of  its  oxigen 
which  does  not  amount  to  more  than  0,20,  in 
the  mangaueie,  the  white  oxide  of  which  is  dif-* 
folved  in  proportion  as  it  is  formed  in  the  ful- 
phuric  acid.  The  white  oxide  of  manganefe, 
feparated  by  the  pure  alkalis,  diffolves  in  all  the 
acids  when  it  is  not  yet  become  black,  and  at  the 
moment  when  it  has  been  precipitated,  without 
having  been  expofed  to  the  air,  and  without  hav- 
ing abler  bed  oxigen,  which  renders  it  infoluble. 
It  is  on  account  of  this  folubility  that  the  white 
oxide  quickly  dilappears  in  the  fulphuric  acid, 
even  though  it  be  diluted;  and  as  it  contains 
exactly  the  quantity  of  oxigen  requifite  for  its 
folution  in  this  acid,  it  combines  with  it,  with- 
out requiring  to  abforb  any  from  it,  and  con- 
fequently  without  effervefcence.  For  this  effect 
takes  place  during  the  combination  of  the  metallic 
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manganefe,  only  becaufe  it  abforbs  the  oxigen 
of  the  water,  from  which  it  at  the  fame  time 

difengages  the  hydrogen.  a 

32.  The  black  oxide  of  manganefe  is  ail* 
folved  with  difficulty,  by  degrees,  and  in  fmall 
quantity,  in  boiling  fulphuric  acid;  however, 
the  faturation  of  the  folution  is  at  length  ef- 
fected ; and  we  find  the  caufe  of  both  theic 
effe&s,  on  the  one  hand  in  the  fiownefs  of  the 
folution,  and  on  the  other  in  the  faturation 
which  is  effeâed.  When  we  perform  the  opera* 
tion  in  a clofe  apparatus  provided  with  a pneu* 
matic  apparatus,  we  obtain  oxigen  gas,  ^hich 
manifeftly  proceeds  from  the  oxide  of  manganefe, 
which  being  thus  difoxidated,  becomes  foluble 
in  the  fulphuric  acid.  If  we  diftil  to  dry  nefs, 
and  wafli  the  refidue,  this  fluid  takes  up  ful- 
phate  of  manganefe;  and  when  the  lame  opera- 
tion is  repeated  feveral  fucceffive  times,  the 
whole  of  the  oxide  of  manganefe  is  taken  up. 
It  is  very  evident  in  this  cafe  that  the  fulphuiic 
acid,  by  its  attraction  for  the  oxide,  taken  at  its 
minimum,  or  in  its  white  hate,  is  the  caufe  of 
the  difengagement  of  oxigen,  iince  this  d Ren- 
gagement is  rendered  much  moie  fpeedy  by 
this  addition  of  acid  than  it  is  in  the  diftilla- 
tion  of  the  oxide  alone,  as  is  well  known  by 
all  chemifts  who  have  occafion  to  procure  this 
gas.  Another  fa61,  which  we  owe  to  Scheele, 
equally  proves  the  influence  of  the  hot  ful- 
phuric acid  in  the  difôxidation  of  mangan- 
efe; namely,  that  if  we  add  fugar,  honey,  or 
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gam  to  the  mixture  of  fulphuric  acid  and  this 
oxide,  we  render  the  latter  foluble  without  its 
difengaging  oxigen  in  the  form  of  gas,  fin  ce  it 
is  abforbed  by  the  vegetable  matter;  an  absorp- 
tion which  does  not  take  place  without  the  pre- 
fence of  the  acid,  for  it  is  in  vain  to  mix  the 
oxide  with  the  vegetable  fubftances  alone,  they 
do  not  in  any  manner  affedt  the  oxidation.  In 
the  cafe  of  this  addition,  we  fee  why  the  foliw 
tion  in  the  acid  is  more  prompt  than  whep  it 
afts  alone.  In  fadt,  there  are  here  two  forces 
which  confpire  together,  that  of  the  acid  upon 
the  difoxidable  oxide,  and  that  of  the  vegetable 
matters  upon  its  oxigen:  tome  metals,  even 
gold,  according  to  Bergmann,  act  by  the  fame 
principle,  and  favour  the  folution  of  the  black 
oxide  in  fulphuric  acid. 

33.  When,  in  the  combination  of  the  black 
oxide  of  manganefe  with  fulphuric  acid,  which 
I have  iu ft  dele ri bed,  we  diftil  to  drvnefs  this 
acid  ilightly  diluted  upon  half  its  weight  of  oxide, 
we  extract  more  than  a fourth  of  the  oxide,  d if- 
folved  in  fulphate,  by  means  of  water;  and  the 
folution  is  red  or  violet,  as  well  as  the  cry  flat- 
lized  fait  which  is  obtained  from  it;  which  ihows 
that  in  this  cafe  the  oxide  of  manganefe  retains 
more  oxigen  than  when  the  folution  is  white,  as 
it  is  when  the  metal  itfelf  is  made  to  act  upon 
the  acid;  it  is  alfo  to  be  concluded  from  hence, 
that  there  are  two  fulphates  of  manganefe,  the 
one  little  oxidated,  which  is  the  white;  the  other 
at  the  maximum  of  oxidation  in  which  the  acid 
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can  fufpend  this  oxide.  We  fliall  fee  that  the 
cafe  is  the  fame  with  iron,  which  alfo  affords  two 
different  fulphates,  according  to  the  flate  of 
oxidation  of  the  metal.  We  quickly  obtain 
the  red  or  violet  fulphate  of  manganefe,  and 
particularly  the  latter,  by  uniting  with  the  fill- 
phuric  acid  the  oxide  of  this  metal  formed  by 
its  expofure  to  the  air,  an  oxide  which  eafily 
diffolves  in  it.  The  alkalis  precipitate  it  in  a 
reddifh  ftate,  and  this  precipitate  blackens  very 
quickly  in  the  air.  Bergmann  obferves,  on  this 
occafion,  that  the  red  oxide  of  manganefe  holds 
in  this  refpect  the  middle  rank  between  the  black 
and  the  white,  that  it  is  more  foluble  in  the  fill- 
phuric  acid  than  the  firft,  and  lefs  fo  than  the 
white;  we  mutt  add,  that  it  forms  with  it  an 
oxigenated  or  coloured  fulphate,  whilft  the  white 
affords  a funple  and  colourlefs  fulphate.  Ve- 
getable fubfkmces  that  poffefs  avidity  for 
oxigen,  deftroy  the  colour  of  the  oxigenated 
fulphate  of  manganefe,  decompofe  it,  and  caufe 
it  to  pafs  into  the  white  flate  or  that  of  Ample 
fulphate.  It  appears,  according  to  feveral  ob- 
fervations  of  Scheele,  that  organic  bodies  in 
thus  difoxidating  the  manganefe,  and  favour- 
ing its  folution  in  the  acids,  operate  by  means 
of  their  carbon,  fmce  he  has  remarked  that  car- 
bonic acid  was  difen  gaged. 

34.  I he  fulphureous  acid  acls  but  feebly,  or 
not  at  all,  upon  manganefe,  though  it  exerts  a 
confiderable  aétion  upon  its  oxide.'  Scheele  had 
obferved,  that  on  receiving  fulphureous  acid  into 
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water,  in  which  black  oxide  of  manganefe  has 
been  jnfufed,  this  grows  white,  difappears,  and  is 
gradually  diffolved  in  this  liquid  acid,  without 
either  motion  or  formation  of  bubbles.  More- 
over, he  had  remarked  that  this  folution  was  of 
the  fulphate,  not  of  the  fuiphite  of  manganefe, 
and  that  this  fulphate  was  white.  Nothing  can 
be  more  clear  than  this  phenomenon  in  the  pneu- 
matic dodtrine.  The  lulphureous  acid,  having 
great  avidity  for  oxigen,  takes  it  away  from  the 
highly  oxidated  oxide,  and  returns  to  the  ftat,e 
of" lulphunc  acid,  which  fpeedily  diffolves  the 
oxide,  deprived  of  the  portion  of  oxigen  which 
was  the  caufe  of  its  infolubility  • Hence  it  is 
evident  that  no  effervefcence  can  take  place, 
and  that  the  folution  muft  contain  white  and 
fimple  fulphate  of  manganefe.  All  thefe  details 
will  ferve  to  place  the  adtion  of  the  other  acids 
upon  manganefe  and  its  oxides  in  a clearer  ana 

more  fimple  point  of  view. 

35.  Nitric  acid  diffolves  manganefe  with  ef- 
fervefcence and  difengagement  of  nitrous  gas  ; 
there  remains  behind  a fpongy,  black,  and  light 
mafs  of  carburet  of  iron,  which  is  not  foluble0 
This  folution  is  coloured  on  account  of  the 
iron  which  it  contains;  its  colour  is  dark,  and 
there  is  no  red  or  violet  nitrate  of  manganefe, 
as  there  is  fulphate.  The  white  or  leaft  oxi- 
dated oxide  of  manganefe  diffolves  very 
eafily  in  the  nitric  acid,  and  without  effervef- 
cence as  well  as  without  difengagement  of  nit- 
rous gas:  this  is  owing  to  the  circumftance,  that 
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the  oxide  containing  the  portion  of  oxigen 
which  it  can  hold  in  order  to  remain  united 
with  the  acids,  does  not  require  to  take  any 
from  the  nitric,  and  confequently  to  decompofe 
this  acid  as  its  metal  does.  This  nitric  folution 
of  the  white  oxide  is  eolourlefs,  as  long  as  it 
contains  no  iron;  it  affords  no  cryftallized 
nitrate  of  manganefe,  not  even  by  (low  evapo- 
ration. The  black  oxide  di doives  only  in  very 
final  1 quantity,  and  with  great  difficulty  in  the 
nitric  acid,  but  it  may  be  faturated  with  it 
in  courfe  of  time.  It  is  evident  that  this  dif- 
ference between  the  nitric  and  fulphuric  acids  de- 
pends upon  its  being  more  volatile,  its  not  hav- 
ing fo  great  an  attraction  in  general  for  the 
metallic  oxides,  its  always  tending  more  to  yield 
oxigen  to  them,  than  to  deprive  them,  of  it:  the 
addition  of  fugars  of  honey,  of  oils,  and  even  of 
metals,  to  the  mixture  of  the  black  oxide  of 
manganefe  and  the  nitric  acid,  favours  their 
combination;  and  the  oxide,  deprived  of  a por- 
tion of  its  oxigen  by  thefe  bodies,  whofe  ten- 
dency to  unite  with  it  is  increafed  by  the  acid, 
diffoives  in  this  acid.  Carbonic  acid  gas  is  dif- 
engaged  in  this  operation,  and  more  even  than 
in  that  which  is  performed  with  the  other  acids. 

36.  The  nitrous  acid  diffoives  the  oxide  of 
manganefe  much  better  than  the  nitric.  Scheele 
has  feen  and  well  defcribed  the  important  phe- 
nomena of  this  folution:  it  takes  place  without 
effervefcence.  Nitrate,  not  nitrite,  of  man- 
ganefe is  formed;  the  fulphuric  acid  afterwards 
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difengâges  white,  not  red  vapours  from  it. 
This  manifeftly  proceeds  from  the  abforption 
of  the  oxigen  bv  the  nitrous  oxide,  as  is  proved 
both  by  the  folution  of  the  oxide,  which  can- 
not take  place  without  its  previous  difoxidation, 
and  by  the  convention  of  the  nitrous  into  nitric 
acid.  It  is  fuperfluous  to  remark  in  this  placey 
how  well  all  thefe  facts  accord  with  the  pneu- 
matic doctrine,  and  give  liability  to  the  princi- 
ples which  conftitute  it. 

37.  Manganefe  dilfolves  with  effervefceuce, 
and  difengagement  of  hidrogen  gas  in  the 
liquid  muriatic  acid.  Its  white  oxide  unites 
with  it  alfo,  but  without  eifervefcence  or  fep  a ra- 
tion of  gas,  as  it  does  not  require  any  abforption 
of  oxigen,  with  which  it  is  fufficiently  provided 
to  di doive  in  this  acid.  Its  black  oxide  alfo  dif- 
folves  in  it  more  eafy  than  in  the  preceding 
acids,  on  account  of  the  two-fold  tendency 
which  this  acid  exerts,  on  the  one  hand  upon  the 
oxigen  with  which  it  in  part  becomes  faturated, 
in  order  to  pafs  into  the  Hate  of  oxygenated 
muriatic  acid  ; and  on  the  other,  upon  the  oxide 
of  manganefe,  at  the  mhibnum  of  oxidation, 
-with  which  it  forms  a fait.  When  we  canfe  the 
muriatic  acid  to  aft  upon  the  black  oxide  of 
manganefe.  there  are  two  remarkable  actions  of 
this  acid,  and  it  divides  its  energy  into  two 
forces  which  form  an  equilibrium  between  them- 
felves,  or  rather  which  do  not  ceafe  to  aft  till 
they  are  in  equilibrio:  the  one  difoxidates  the 
manganefe,  and  forms  oxigenated  muriatic  acid 
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till  it  has  become  foluble;  the  other  diffolves  it 
and  caules  a portion  of  the  acid  to  enter  into  a 
faiine  combination.  This  experiment  led  Scheele 
to  the  dilcovery  of  the  acid  which  he  termed 
dephlogijiicated  marine  acid , and  the  French 
chemifts  to  the  knowledge  of  the  real  nature  of 
this  compound,  which  they  have  denominated 
by  the  exadfc  appellation  of  oxigenated  muriatic 
acid.  In  the  adtion  of  the  muriatic  acid  upon 
the  black  oxide  of  manganefe,  we  obferve  the 
paffage  of  this  oxide  to  the  red,  the  grey,  and 
the  white.  In  the  laff-mentioned  ftate,  it  unites 
with  the  acid  and  forms  a colourlefs  fait;  if  we 
add  a combuftible  body,  the  folution  of  the 
black  oxide  in  this  acid  is  effected  without  the 
formation  of  oxigenated  muriatic  acid.  The 
properties  of  the  muriate  of  manganefe  have  not 
yet  been  defcribed  with  accuracy,  Bergman 
fays  that  it  affords  cry  liais  with  difficulty,  but 
only  forms  a deliquefcent  faiine  mafs.  How- 
ever, it  frequently  happens  in  the  laboratories, 
that  large  cryftals  of  this  fait  are  obtained,  the 
form  of  which  has  not  indeed  been  yet  deter- 
mined. The  muriatic  acid  decompofes  the  ful- 
phate  of  manganefe. 

SB.  The  oxigenated  muriatic  acid  oxidates 
manganefe  to  the  white  ftate,  quickly  and  with- 
out effervefcence;  it  burns  and  inflames  this 
metal  when  it  is  thrown  in  the  form  of  powder 
or  filings,  into  oxigenated  muriatic  acid.  It 
alfo  unites  with  the  oxides  of  manganefe,  and 
forms  folutions  of  the  brown,  red,  or  violet 
Vol,  V,  s 
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colours,  which  afford  cryftals  of  the  fame  tints., 
There  is,  therefore,  an  oxigenated  muriate  of 
manganefe,  the  properties  of  which  have  not 
yet  been  difcovered,  and  which  it  would  be  very 
important  to  examine» 

39.  The  phofphoric  acid  does  not  unite  im- 
mediately with  manganefe;  it  diffolves  its 
oxides  with  difficulty:  we  may  unite  it  with  it 
by  pouring  a folution  of  an  alkaline  phofphate 
into  that  of  the  nitrate  or  muriate  of  manganefe: 
we  obtain  a precipitate  of  phofphate  of  this 
metal.  The  cafe  is  the  fame  with  the  fluoric 
acid,  which  alfo  forms  a fluate  of  manganefe 
of  little  folubility.  The  fame  is  done  with  the 
borates. 

4t).  Liquid  carbonic  acid  attacks  manganefe 
as  well  as  its  black  oxide;  both  are  diffolved 
ir!  it,  though  in  fmall  quantity.  This  folution, 
expofed  to  the  air,  gradually  precipitates  the 
oxides  which  feparate  at  the  furface  in  a white 
pellicle,  if  no  oxide  of  iron  be  prelent.  Berg- 
man obferves,  that  when  we  ufe  the  metal  in 
this  combination,  an  odour  analogous  to  that  of 

burned  fat  is  difengaged. 

41.  We  are  not  acquainted  with  the  adtion  of 
the  four  metallic  acids  upon  manganefe  and  its 
oxides,  nor  their  combinations  with  this  metal. 
We  know,  however,  that  the  arfenious  acid  pof- 
feffes  the  property  of  taking  a portion  of  oxigen 
* from  the  black  oxide  of  manganefe,  and  of  paf- 
fmg  in  this  manner  into  the  ftate  of  arfenic 

acid,  and  that  it  whitens  it  at  the  fame  time. 

42.  In 
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42.  In  general,  none  of  the  folutions  of  man- 
ganefe  in  the  acids  is  decompofed,  or  rendered 
turbid  by  the  contadl  of  the  air.  The  acids  re- 
tain this  oxide  too  ftrongly  for  it  to  abforb  the 
atmofplierical  oxigen.  The  pure  alkalis,  and 
the  alkaline  earths,  feparate  the  oxide  of  man- 
ganefe  from  them  in  a brown  itate,  which 
quickly  becomes  darker  coloured  in  the  air, 
and  by  the  mere  contact  of  water  containing 
air, 

I.  Treatment  by  the  Salifiable  BaJ es,  and  the  Sa2t$0 

43.  No  adlion  is  exerted  upon  manganefe  by 
the  earths;  its  oxide  combines  and  vitrifies 
with  them,  imparting  different  colours  to 
them,  according  as  this  oxide  contains  more  or 
lefs  oxigen,  and  is  more  or  lefs  charged  with 
iron.  In  general,  thefe  vitreous  crufts,  or  frits, 
are  of  the  green,  dark  brown,  blackifh,  or 
yellowifh  green  colours;  they  are  feldom  red, 
unlefs  we  add  to  them  fome  flux  properly  fo 
called. 

44.  The  pure  alkalis  promote  the  oxidation 
of  manganefe,  and  the  decompofition  of  rvater 
by  this  metal,  as  they  eaftly  unite  with  the 
oxide.  Scheele  has  well  deferibed  the  union  of 
the  fixed  alkalis  with  the  oxide  of  manganefes 
In  the  dry  ivay,  thefe  two  fubftances  are  fufed 
together  into  a dark  green  mafs,  foluble  in  wa- 
tei,  which  it  tinges  green:  when  this  folution  is 
Aept  in  a well-clofed  veffel,  a yellow  oxide  of 
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iron  is  precipitated  from  it,  and  the  green  liquor 
affumes  the  blue  colour.  Water  precipitates 
the  alkaline  folution,  giving  it  a violet,  and  af- 
terwards a red  colour.  In  proportion  as  the 
molecules  of  the  oxide  collect  together,  the 
liquid  becomes  white.  The  addition  of  fome 
drops  of  acid,  or  expofure  to  the  air  produce  the 
fame  effeft  of  precipitation,  and  the  fame  cafts 
of  colour,  by  oxidating  the  manganefe  in  a 
lefler  degree.  The  arfenious  acid,  added  to  this 
alkaline  folution,  entirely  deprives  it  of  its 
colour,  and  renders  it  white  by  taking  from  it 
its  oxigen.  When  we  add  carbon  to  the  oxide 
of  manganefe  and  fufe  it  with  the  alkali,  there 
enfues  an  effervefcence,  difengagement  of  car- 
bonic acid,  decoloration,  or  change  of  the  co- 
lour into  a greyifh  white.  The  carbonic  acid  is 
here  formed  by  the  combination  of  the  carbon 
with  the  oxigen  of  the  oxide,  and  this  returns 
to  the  ftate  of  white  oxide.  It  is  on  account  of 
thefe  very  remarkable  changes  of  colour,  as  well 
as  of  the  various  cafts  which  the  liquor  treated 
in  different  ways  affumes,  that  the  name  of 
mineral  chameleon  has  been  given  to  this  com- 
bination, Thefe  phenomena  are  found  alfo 
in  the  crude  alkalis  of  commerce,  which 
contain  a certain  proportion  of  oxide  of  man- 
ganefe, and  allume  a variety  of  different  co- 
lours, accordingly  as  they  attract  the  humidity, 
as  they  are  expoled  to  the  air,  as  they  are 
treated  by  the  acids.  Citizen  Guyton  thinks 
that  in  this  combination,  the  manganefe  is  in 
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the  acidified  ftate,  and  he  terms  it  manganefic 
acid . 

45.  Scheele  was  aware  of  the  alteration  which 
ammonia  experiences  by  the  aéiion  of  the 
oxide  of  manganefe,  in  the  diftillation  of  this 
oxide  with  the  ammoniacal  muriate;  he  lias 
fufpected,  that  the  ammonia  was  in  part  de- 
compofed,  and  to  this  decompofition  he  attri- 
buted the  fpecies  of  gas  which  he  had  obtained* 
and  which  he  carefully  diftinguifhed  from 
the  carbonic  acid.  Citizen  Berthollet  has  placed 
this  truth  out  of  doubt;  he  has  fhown,  that 
when  thefe  two  fubftances  are  diftilled,  the  hi- 
drogen,  quitting  the  ammonia,  feizes  the 
oxigen  of  the  oxide  of  manganefe,  with  which 
it  forms  water,  and  that  the  azote,  another  prin- 
ciple of  the  volatile  alkali,  is  difengaged  in  a 
free  ftate.  M.  Milner  has  fmce  made  another 
difcovery  upon  this  reciprocal  and  decompofing 
aéiion  : by  eau  fin  g ammoniacal  gas  to  pafs 
through  a tube  filled  with  oxide  of  manganefe 
heated  to  rednefs,  he  obtained  nitrous  gas  by 
the  combination  of  the  azote  of  the  ammonia 
with  the  oxigen  of  the  oxide.  This  is  one  of 
the  phenomena,  which,  as  we  have  feen,  confirm 
in  the  moft  powerful  manner,  the  bafes  of  the 
pneumatic  doctrine  concerning  the  compara^ 
tive  nature  of  the  nitric  acid,  ammonia,  water, 
and  metallic  oxides.  It  is  not  improbable,  that 
the  oxide  of  manganefe  may  hereafter  becomé 
one  of  the  moft  effectual  means  of  the  production 
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of  the  acid  of  nitre  in  the  artificial  manufactories 
of  nitre. 

40.  Manganefe  and  its  oxides  have  no  known 
action  upon  the  fulphates  : thefe  faits,  however, 
poffefs  the  power  of  depriving  glafies  coloured 
by  manganefe  of  their  colour,  when  aided  by 
a flrong  heat.  The  nitrates  eafily  burn  this 
metal,  and  ftrongly  oxidate  it  ; it  is  on  this  ac- 
count that  fufed  nitre  gives  a violet  or  red 
colour  to  glafies  whitened  by  this  oxide,  by  ra- 
ftering to  it  the  oxigen  which  had  been  taken 
away  from  it  in  the  f'ufion  of  thefe  glafies.  The 
black  oxides  of  manganefe  decompofe  the  ni- 
trate of  pot-afii  in  the  heat,  by  difengaging 
the  acid,  and  combining  with  its  bafe,  with 
which  they  form  a compound  fimilar  to  that 
which  is  formed  immediately  with  the  alkalis. 

47-  The  phofphates  and  the  borates  fufed  by 
the  blow-pipe  with  the  oxide  of  manganefe,  give 
colours  which  vary  according  to  the  hate  of 
this  oxide,  and  according  to  the  kind  of  fufion 
which  they  are  made  to  undergo.  Bergman 
and  Scheele  have  given  very  accurate  details 
concerning  the  phenomena  of  thefe  combina- 
tions. A globule  of  phofphate  of  ammonia 
fufed  by  the  blow-pipe,  with  black  oxide  of  man- 
ganefe, gives  it  a blue-red  colour,  or  a red 
colour,  if  we  add  more  of  this  oxide.  By  heat- 
ing it  upon  charcoal,  or  adding  to  it  a little  of 
this  fubftance  in  the  date  of  powder,  its  colour 
is  diflipated  with  effervefeence  : this  is  not  ef- 
fected except  with  the  interior  blue  flame  of 

the 
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the  blow-pipe  ; but  if  we  employ  only  the  white 
exterior  flame,  and  the  vitreous  globule  is  thus 
expofed  to  the  air,  the  colour  re- appears  with 
the  fame  tinge.  Nitre  caules  it  immediately  to 
re-appear,  whilft  fulphur,  the  fulphates,  the 
metals,  and  many  of  the  metallic  oxides  deftroy 
it  ; the  fir  ft  of  thefe  fubftances  yielding  oxigen 
to  the  manganefe,  and  the  fécond  depriving 
it  of  this  principle.  When  we  have  difcoloured 
a faline  vitreous  globule  charged  with  manganefe 
by  its  difoxidation,  we  may  reftore  to  it  its  for- 
mer colours,  by  fufing  it  again  for  fome  time  in 
a veffel  of  filver  or  platina,  in  conta6f  with  the 
air,  which  reflores  to  it  the  oxigen  of  which 
it  has  been  deprived.  In  the  changes  which 
take  place  fo  eafily  on  a fmall  fcale  in  experi- 
ment with  the  blow-pipe,  we  obferve  a very 
fenfible  difference,  if  we  produce  them  or  at- 
tempt to  produce  them  in  crucibles.  Carbon 
and  fulphur  a6t  indeed  as  decolorant  or  difoxi- 
dant  fubftances,  and  the  nitre  as  a colorant  or 
oxidant;  but  the  fulphates  and  metallic  oxides 
no  longer  produce  the  effects  which  they  exhibit 
with  the  blow-pipe,  fmce  the  contact  of  the 
air  in  one  cafe,  and  of  the  combuftible  vapour 
of  the  blue  flame  in  the  other,  aét  much  more 
flrongly  upon  the  globules  than  analogous  fub- 
fiances  are  able  to  aét  in  a crucible. 

48.  Borax  produces  thefe  phenomena  with 
fome  flight  differences  in  the  colours  ; inftead 
of  the  reddifh-blue  given  to  the  phofphate,  it- 
is  here  of  a yellowifh-red  ; the  faturation  by  the 
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oxide  is  indeed  of  a ruby-red  in  both  cafes. 
Carbon  effaces  here  the  colour  more  {lowly  and 
* with  more  difficulty  than  in  the  phofphate,  on 
account  of  the  ftronger  adhefion  which  the  oxide 
contrats  with  the  borax. 

49-  Thefe  beautiful  phenomena  of  colora- 
tion, given  to  the  fluxes  by  the  oxide  of  man- 
ganefe  in  different  hates  of  oxidation,  eafily 
explain  how  this  oxide  clears  glafs.  It  is 
the  oxide  of  iron  which  tends  moft  commonly  to 
colour  the  glaft,  and  this  oxide  is  not  faturated 
with  oxigen  ; when  we  add  oxide  of  mangan- 
efe,  this  laft  yields  to  the  former  all  the  oxigen 
which  it  wants  in  order  to  become  colourlefs, 
and  affumes  the  fame  call  itfelf  by  lofing  a por- 
tion of  this  principle.  We  fee  therefore  why 
nitre  reftores  the  violet  colour,  by  giving 
back  the  oxigen  which  it  had  loft.  Many 
other  metallic  oxides,  and  in  general  all  the 
combuftible  fubftances  which  are  able  to  take 
this  principle  from  the  black  oxide  of  man* 
ganefe,  and  which  frequently  form  a part  of 
the  vitreous  combination  which  they  colour,  are 
equally  difcoloured  by  this  oxide.  Moreover, 
it  is  evident,  that  it  muff  be  added  in  a quan- 
tity proportionate  to  that  of  the  colouring  fub- 
ftances combined  with  the  glafs  : if  we  add  too 
little,  the  primitive  colour  remains  ; if  we  add 
too  much,  the  oxide,  which  is  not  entirely  dif- 
oxidated,  colours  with  its  own  violet  or  red- 
difh  tinge,  the  glafs  that  has  an  over-propor- 
tion of  manganefe. 

K.  Ufcs. 
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K.  Ufes. 

50.  It  is  eafily  conceivable  from  all  that  has 
been  faid,  that  manganefe  and  its  oxide  mud 
be  extremely  ufeful  inftrumènts  in  chemiftry  ; 
the  firft,  as  a metal  which  is  extremely  com- 
buftible,  and  abforbs  oxigen  from  many  other 
fubftances  in  order  to  pafs  into  the  ftate  of 
white  oxide  ; the  fécond,  in  its  black  ftate  or 
at  the  maximum  of  oxidation,  by  introducing 
into  fubftances  an  abundant  and  very  a6ti\  e 
portion  of  the  oxigen  which  it  contains.  Ac- 
cordingly, beftdes  the  oxigenated  muriatic 
acid  which  this  oxide  forms,  it  may  be  em-* 
ployed  in  the  analyfis  of  many  bodies  ; and  not- 
withftanding  the  advanced  ftate  of  the  fcience, 
it  may  be  confidently  after  ted,  that  the  benefits 
which  it  has  already  derived  from  this  beauti- 
ful metal,  are  nothing  yet  in  comparifon 
with  thofe  which  it  will  derive  from  it  here- 
after. •- 

51.  The  oxide  of  manganefe  is  of  great 
utility  in  the  arts.  Betides  its  ufe  in  the  glafs 
manufactories  for  purifying  glafs,  on  which  ac- 
count it  has  been  termed  the  glafs-maker’s  foap, 
it  is  employed  in  enamels,  porcelain,  &c.  It 
is  of  importance  here  to  remark,  that  the  ac- 
curate knowledge  which  we  now  poflefs  rela- 
tive to  the  nature,  the  differences,  and  the 
diftinctive  properties  of  this  oxide,  according 

to  its  different  ftates  of  oxidation,  will,  when 
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it  {ball  have  become  more  generally  diffuled, 
and  when  it  fhall  have  been  introduced  into  the 
manufactories  of  glafs,  porcelain,  and  enamels, 
afford  a much  ftirer  guide  to  the  artifts  in  their 
operations,  than  the  blind  routine  and  falla- 
cious empiricifm*,by  which  they  have  hitherto 
been  directed.  In  a word,  both  for  the  arts 
and  for  fcience,  manganefe  is  a fubftance,  the 
ftudy  of  which  has  already  led,  and  will  continue 
to  lead,  to  the  moft  ufeful  and  important  refults. 


Article  XL 
Bifmuth , 

A.  Hijlory.  , 

1.  BISMUTH  was  known  by  the  ancients, 
who  gave  it  the  name  of  tin-glafs,  which 
it  has  borne  for  a long  time  ; amongft  mi? 
neralogifts,  and  efpecially  fmce  the  appear? 
ance  of  the  work  of  Agricola,  when  its  differ- 
ences, and  thofe  of  its  ores  from  other 
metals  began  to  be  the  fubject  of  inquiry,  it 
has  been  fucceffiyely  named,  according  to  the 
various  and  often  erroneous  notions  which 
each  author  gave  of  it,  grey  tin , grey  lead  and 
fat  urn , white  antimony , white  and  fiver- 
coloured  marcafte , jovial , grey  pyrites , &c. 
&c.  It  is  mentioned  by  the  name  of  mag - 
nefa  in  Geber,  by  that  of  demogorgon  in 
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Glauber,  of  nymph  in  Van  Helm  out,  of  g fours 
in  Augure! lus. 

2.  Pott  and  Geoffroy  the  younger,  in  Ï753, 
are  the  two  lirft  chemifts  who  have  ftudied  its 
properties,  and  diftinguifhed  its  fpecific  charac- 
ters with  accuracy.  Darcet  and  Rouelle  have 
fubjeéted  it  to  a courte  of  remarkable  experi- 
ments. Monnet,  and  Bauinè,  have  afterwards 
deferibed  its  principal  combination  in  a more 
detailed  and  exact  manner  than  their  picde- 
ceffors.  Bergman  has  given  a frill  more  ac- 
curate account  of  fome  of  its  combinations 
and  its  precipitates.  The  pneumatic  dodtrine 
has  rendered  its  hiftory  much  more  exadband 
clear,  though  it  has  not  vet  been  particularly 
occupied  with  the  properties  of  this  metal 

B.  Phyfical  Properties . 

3.  Pure  bifmuth  is  a brittle  metal,  of  a 
white  colour,  verging  towards  yellow,  pre- 
fenting  a texture  of  large  brilliant  and  glittering 
plates.  Its  fpecific  v/ eight  is  9,822;  it  ap- 
pears to  vary,  according  to  its  greater  or  left 
degree  of  purity,  between  the  limits  of  9>82£ 
and  10,000.  As  it  is  hollowed  a little  by  the 
firokes  of  the  hammer  before  it  breaks,  and  as 
it  is  not  the  moft  brittle  of  the  metals  of  thi$ 
order,  Mufchenbroeck  found,  that  fufed  bif- 
muth of  8,71b,  was  brought  by  hammering 
to  9,63 8:  notwithftanding  this  approach  of 
its  plalfes>  they  break  under  a violent  ftroke  ; 

they 
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they  are  reduced  into  a kind  of  fmall  filaments, 
and  even  into  a fine  powder  which  may  be 
paffcd  through  a filk  fieve  ; in  this  ftate  it  is 

of  a dirty  grey. colour. 

4.  With  a little  caution  in  differing  it,  we 
eafity  obtain  a regular  octahedron  from  a la- 
mellated  fragment  of  bifmuth.  Citizen  G uy ton, 
gives  it  the  third  rank  with  refpedt  to  hard- 
nets,  and  places  it  next  to  copper  with  regard 
to  this  property.  Its  elafticity  is  fmall  ; it 
has  a peculiar  litiell  and  tafte  though  they  are 
flight  and  little  perceptible;  it  eallly  cônduâs 

elefiiricity  and  galvanifm. 

5.  The  disability  of  bifmuth  has  not  yet 
been  eftimated.  It  fufes  very  quickly  and 
eafily.  Citizen  Guyton  ranks  it  with  refpect 
to  this  property  between  tin  and  lead,  and  de- 
termines its  fufibility  at  the  205th  degree  ot 
Reaumur’s  thermometer.  It  may  be  poured 
in  the  fufed  ftate  into  a cone  of  paper,  with- 
out burning  or  even  fcorching  it.  If  we  fuffer 
it  to  cool  (lowly  after  its  fufion,  it  cryftal- 
Jizes  in  parallelopipedons  which  join  or  rather 
meet  at  a right  angle,  and  are  enveloped  in 
one  another,  like  the  turns  of  a volute,  Inch 
as  are  termed  à là  Grecque , becaufe  the  Greeks 
have  often  employed  this  form  m their  archi- 
tecture. In  order  to  obtain  this  cryftallization, 
wc  muft  wait  till  the  bifmuth  is  fixed  at  its  fur  face, 
then  perforate  the  cruft,  and  pour  off  the  fluid 
portion,  not  in  order  to  leave  a fpace  fufficient 
for  the  regular  arrangement  of  the  molecules,  as 
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Ho m è de  Lille  imagined,  for  the  cryitals  are 
formed  in  the  mid  ft  of  the  liquid  metal,  like 
the  falls  in  their  folution,- — but  in  order  to  lay 
bare  the  cryitals  that  are  already  formed,  and. 
not  fuffer  them  to  be  inclofed  in  the  whole 
of  the  fixed  mçtal.  Citizen  Pouget  has  actually 
obferved,  that  when  the  folid  cruft  formed  at 
the  furface  of  the  fufed  bifmuth  is  taken  away, 
whilft  the  lower  part  is  ftill  liquid,  this  cruft 
exhibits  well-formed  cryitals  beneath.  Of  all 
the  metals,  this  cryltallizes  in  the  moft  regular 
and  eafy  manner  : it  is  alfo  the  firlt  metal  which 
the  chemifts  have  caufed  to  cryltallize. 

6,  Bifmuth  heated  for  a long  time,  ancl  vio- 
lently after  its  f'ufion,  lublimcs  and  rifes  in 

%J  ^ \ 

vapour  in  weli-clofed  veifels.  It  attaches  Itlelf 
and  cryftallizes  in  fmall  brilliant  filaments  at 
the  upper  part  of  the  apparatus,  in  which  it  is 
lubjected  to  this  high  temperature.  On  ac- 
count of  this  volatility,  and  at  the  lame  time 
of  its  brittlenefs,  it  was  ranked  among!!  the 
femi-metals  : it  was  faid  to  be  the  heavieft  of 
the  femi-metals,  and  it  was  compared,  with 
refpect  to  them,  to  lead  with  refpeél  to  the 
perfect  metals. 


C,  Natural  Hijlory. 

7.  T he  ores  of  bifmuth  are  not  very  nu- 
merous. There  arc  only  three  that  have  been 
tvell  diftinguiihed  from  each  other  : the  one  is 
the  native  bifmuth  ; the  fécond  is  the  fulphuret 
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of  bi fm nth,  and  the  third  is  an  oxide  of  this 
metal.  That  which  has  been  termed  arfenical 
ore  of  bilmuth,  is  only  an  accidental  mixture 
of  bilmuth  with  arfenic. 

8®  Native  bilmuth,  which  is  very  ealily 
diftinguifhahle  by  its  colour,  its  brittlenefs, 
and  its  fulibility,  which  enables  it  to  flow, 
when  the  gangues  which  contain  it  are  placed 
at  a fmall  diftance  from  the  lire,  or  when  the 
üame  of  a taper  is  applied  to  the  fragments 
which  then  become  every  where  covered  with 
well-fufed  globules, — is  ftill  more  diflinguilh- 
able  by  its  appearance  and  its  form.  It  is 
found  in  fmall,  yellowifh,  brilliant,  triangu- 
lar, or  ftriated  laminæ,  in  dendrites  engaged 
in  the  gangue,  or  in  regular  odtahedrons  of 
the  fame  colour,  which  are  often  very  well 
pronounced  : it  may  be  cut  by  the  knife,  and 
it  breaks  eafily  under  the  ftroke  of  the  ham- 
mer. It  is  frequently  found  at  Scala  in  Neritia, 
in  Dalecarlia,  at  Schneeberg,  at  Baflnaës  in 
Sweden.  It  is  frequently  mixed  with  arfenic 
interpofed  between  its  molecules. 

9®  The  fulphuret  of  bifmuth  is  an  ore  of 
a blaOkifh-yellow  colour,  fometimes  of  a yellow- 
îüi  tinge,  or  in  irregular  maffes  much  refem- 
bling  thofe  of  the  fulphuret  of  lead,  or  eryflal- 
lized  in  pointed  prifms,  very  like  the  fulphuret 
of  antimony.  Its  fra&ure  is  brilliant  and  la- 
meilated.  The  longitudinal  divifions,  as  Citi- 
zen Haiiy  remarks,  take  place  parallel  to  the 
fides  of  an  hexahedral  prifm,  and  others  are  per- 
ceived 
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jceived  which  are  oblique  to  its  bafes.  The 
fmallnefs  of  the  fragments  has  not  yet  permit» 
ted  him  to  afcertain  with  accuracy  the  pofition 
of  thofe  different  fections,  and  confequently  to 
determine  the  primitive  form  of  this  mineral. 
The  fulphuret  of  bifmuth  is  diftinguifhed  from 
that  of  lead  by  its  being  fufible  by  the  flame  of 
a taper.  When  it  is  heated  by  the  action  of  the 
blow-pipe,  the  white  vapour  which  exhales  from 
it  attaches  itfelf  to  the  charcoal  in  an  incrufta- 
tion  of  a reddifh-yellow  colour,  which  becomes 
white  by  cooling.  In  this  mineral  the  bifmuth 
is  combined  with  the  fulphur  in  the  metallic 
ftate;  fometimes  it  appears  that  the  bifmuth 
contains  iron.  It  was  undoubtedly  this  cir- 
cumftance  that  induced  Cronftedt  to  admit  an 
ore  of  bifmuth  and  iron,  mineralized  by  fulphur, 
in  large  cuneiform  fcales  at  Konigflberg  in  Nor- 
way. 

10.  The  native  oxide  of  bifmuth  : this  which 
is  frequently  found  with  the  native  oxide  of 
bifmuth,  or  at  the  furface  of  the  fulphuret  of 
bifmuth,  is  alfo  fometimes  infulated  and  depo« 
fited  or  diffeminated  upon  ftony  gangues  in  gra- 
nulated effervefcences,  of  a greenifh-ycllow 
colour,  very  eafily  diftinguifhable  by  its  caff» 
Mr.  Kirwan  believes  that  this  oxide  is  combined 
with  the  carbonic  acid.  Bergman  fays  that  it 
is  of  a whitifh  colour,  and  very  fcarce. 
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D.  djfay  and  Metallurgy  * 

11.  The  allay  of  the  ores  of  bifmuth  is  one 
of  the  moll  eafy  and  fimple  ; it  conlifts  in  mix- 
ing* the  ores,  pounded  and  walhed,  with  an 
eighth  or  a quarter  of  their  weight  of  reducing 
flux,  placing  them  in  a lined  crucible,  well 
clôfed,  and  filling  them  with  a gentle  heat  and 
rapidly,  in  order  to  prevent  the  volatilization 
of  the  metal,  Cramer  efpecially  recommends 
to  perform  this  operation  in  well-clofed  vef- 
fels.  A button  is  obtained  which  is  to  be  accu- 
rately weighed. 

12.  Bergman  diredls  as  a means  for  allay- 
ing ores  of  bifmuth,  in  the  humid  way,  folu~ 
tion  in  the  nitric  acid  : the  folution  is  pre- 
cipitated by  means  of  water,  as  we  lhall  fee 
hereafter  ; and  if  the  ore  of  bifmuth  contain 
any  foreign  metals,  thefe  remain  dilfolved 
after  the  precipitation  of  the  former.  The  ful- 
phuret  of  bifmuth  diflblves  alfo  in  the  nitric 
acid,  by  the  aid  of  a flight  ebullition  ; the  fulphur 
feparates  from  it  in  proportion  as  the  oxidated 
metal  pafles  into  the  acid  ; it  is  then  walhed  ; and 
its  purity  is  afeertained  by  its  burning  with- 
out refidue  upon  an  ignited  coal,  and  its  quan- 
tity is  determined  by  weight.  The  cafe  is 
the  fame  with  the  native  oxide  of  bifmuth  ; the 
nitric  acid  diffolves  it;  it  is  precipitated  by 
water  and  iron,  or  cobalt  : if  the  ore  contains 
any,  it  remains  in  folution.  Bergman  alferts, 
that  in  precipitating  the  oxide  of  bifmuth,  dif- 
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ieived  by  t lie  nitric  acid,  an  hundred  and  thir- 
teen parts  of  the  oxide  that  is  feparated  rep  re- 
lent exactly  one  hundred  parts  of  the  metal 
taken  awav  from  the  ore.  The  weight  of  the 
precipitate  is  equal  to  the  diffolved  portion 
when  we  allay  a native  oxide, 

13.  The  working  in  the  large  way,  or  the 
metallurgy  of  the  ores  of  bifmuth,  is  not 
more  difficult  than  the  allay,  oil  account  of 
tile  eafy  reduction  and  fufioti  of  this  metal. 
Generally,  in  the  places  where  the  ores  of  bif- 
muth abound,  a pit  of  fmall  depth  is  dug  in 
the,  ground  near  the  place  where  the  ores  are 
extracted  ; this  pit  is  coyered  with  billets  of 
wood  placed  near  each  other,  which  are  kin- 
dled, and  the  ore  broken  into  fragments  thrown 
Upon  them.  The  bifmuth  roafts,  becomes  oxi- 
dated, palles  through  the  coals,  is  reduced, 
fufed,  runs,  and  collects  in  a cavity  beneath, 
where  it  forms  an  orbicular  cake.  In  this  man- 
ner are  formed  thole  cakes  of  bifmuth,  convex 
on  one  fide  and  flat  on  the  other,  and  frequent- 
ly cryftallized  at  the  flat  furface,  which  we  fee 
hung  up  in  the  ffiops  of  our  druggifts, 

14.  In  other  places  they  incline  over  an  hole 
dug  in  the  earth,  the  trunk  of  a fir-tree,  fplit  in 
two  and  hollowed  into  a channel,  upon  which 
a bed  of  dry  wood  is  laid  and  fet  on  fire;  the 
ore  is  thrown  upon  this  fire  ; the  metal  runs 
along  the  channel  in  the  trunk  of  the  fir,  into 
the  hole  or  receptacle,  where  it  collects,  and 
whence  it  is  taken  out  with  iron  ladles  and 
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poured  into  moulds  of  iron,  where  it  be- 
comes fixed  in  ingots.  We  fee  by  the  fhort 
account  of  this  work,  which  is  the  moft  Am- 
ple of  any  in  metallurgy,  that  bifmuth  cannot 
always  be  perfectly  pure,  and  that  it  is  not  fur- 
prizing  that  we  frequently  find  fulphur  in  it, 
which  isfeparated  during  its  folution. 

E.  Oxidabilitif  by  the  Air. 

Bifmuth  is  but  very  (lightly  altered  in  the 
cold  by  the  contact  of  the  air;  it  only  lofes  its 
brilliancy  and  becomes  covered  with  a flight 
duft  of  a yellowifh-grey  colour;  but  it  burns 
very  eafily,  and  quickly  abforbs  the  atmofpheric 
oxigen  when  it  is  heated  in  contact  with  the 
air.  Pott  has  obferved,  that  by  confiantly  agi- 
tating in  the  air,  by  means  of  the  ftalk  of  a to- 
bacco-pipe, pulverized  bifmuth  expofed  to  a very 
gentle  fire,  in  a flat  veflel,  it  was  reduced  into 
an  oxide  of  a yellowiih-grey  colour,  eafy  to 
be  vitrified  and  reduced  by  combuftible  fub- 
fiances.  As  it  becomes  vitrified  after  its  oxida- 
tion, it  penetrates  the  pores  of  the  cupels;  and 
tome  authors  have  propofed  to  fubfiitute  it  in 
the  place  of  lead  for  cupellation,  as  being  oxi- 
ded  and  abforbed  quicker  than  the  latter;  but 
it  has  been  obferved  that  it  flies  about,  and  forms 
malles  refembling  mufhrooms  and  cauliflowers, 
and  that  in  this  manner  it  might  occafion  a lofs 
of  the  precious  metals,  as  I (hall  (how  upon 
another  occafion. 

lb.  When  we  fufe  bifmuth  in  contaéf  with 
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the  air,  it  quickly  becomes  covered  with  a pel- 
licle exhibiting  the  prifmatic  colours,  and  by 
agitation,  whilft  the  application  of  the  heat 
is  continued,  it  is  changed  into  a powder 
or  oxide  of  a greenifh  grey  and  fometimes  of  a 
brown  colour,  which  has  been  termed  alb  es  of 
bifmuth.  In  this  operation  it  increafës  by  about 
a twelfth  of  its  weight.  If  we  continue  to  ftir 
and  heat  it  in  the  air,  it  allumes  a yellow  colour 
approaching  to  orange,  and  becomes  a little 
heavier  than  it  was  before.  Citizen  Guyton 
reckons  the  augmentation  of  the  weight  of  bif- 
muth  completely  oxidated,  at  0,25,  which  ap- 
pears to  me  to  be  too  much.  Geoffroy  the 
younger  has  obferved,  that  when  fu fed  bifmuth 
is  heated  to  rednefs  in  an  open  crucible,  it  in- 
flames with  a flight  explofion,  emits  a bhieifh 
light,  and  at  the  fame  time  rifes  into  the  air  in  a 
yellowifh  fmoke,  condenfible  into  what  was  then 
improperly  termed  flowers  of  bifmuth , of  the 
fame  colour.  This  oxide,  which  at  laft  becomes 
very  like  minium , or  the  red  oxide  of  lead,  ac- 
cording to  the  fame  chemift,  is  not  volatile, 
neither  is  it  raifed  into  vapour  in  the  above- 
mentioned  operation,  except  by  the  deflagration 
which  the  inflamed  bifmuth  undergoes, 

17.  Citizen  Darcet  having  expofed  bifmuth 
in  bowls  of  the  crude  pafte  of  porcelain,  to  the 
fire  of  the  oven  in  which  this  earth  is  baked, 
conftantly  obferved  this  metal  to  run  out 
through  a crack  in  the  crucible,  the  external 
part  of  which  it  coated  with  a yellowifh  glafs, 
whilft  the  oxidated  and  vitrified  portion  of  the 
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metal  in  the  infirle  of  the  crucible  was  ot  a dirty 
violet  colour.  The  oxide  of  bifmuth  is  therefore 
fnfceptible  of  vitrifying  by  itfeif  into  a glafs  ot 
a ffreenifh-yellow  colour.  Citizen  Guyton 
places  it  in  the  fifth  rank  of  oxidability.  How- 
ever, this  oxide,  though  it  is  not  reduced  by 
the  mere  action  of  the  lire,  eafily  returns  to  the 
metallic  ftate,  and  quickly  yields  its  oxigen  to 
many  other  combuftible  bodies. 

; . ' . . \ 

F.  Union  with  the  Combuftible  Subjlances . 

18.  No  combination  is  yet  known  between 
azote,  hidrogen,  carbon,  and  bifmuth.  The 
two  lait  of  thele  combuftibles  exert  by  heat  an 
action  upon  its  oxides,  and  eafily  reduce  them, 
by  leizing  their  oxigen. 

lq.  Very  little  attraction  fubfifts  between 
bifmuth  and  phofphorus.  Pelletier  has  endea- 
voured in  vain  to  combine  thefe  two  bodies, 
both  by  their  immediate  fufion,  by  treating  the 
bifmuth  with  vitreous  phofphoric  acid  and  car- 
bon, and  by  fubftituting  the  oxide  in  the  place 
of  the  metal  in  the  laft-mcntioned  mixture:  all 
his  trials  uniformly  prefented  a fpeedy  difen- 
gagement  of  the  phofphorus,  and  the  bifmuth 
was  collected  in  a button  without  alteration,  and 
almoft  without  union  with  the  phofphorus,  as 
he  found  no  indication  of  the  prefence  of  the 
latter,  except  a flight  greenifh  flame  which  it 
exhaled  when  violently  heated  with  the  blow- 
pipe. Its  grain,  its  colour,  and  its  other  pro- 
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parties  were  not  changed.  He  has  calculated 
that  the  bifmuth  did  not  retain  more  than  0,04, 
and  his  experiments  prove  that  he  has  even  o\  ei- 
charged  the  proportion.  There  exifts,  conie- 
quently,  no  phofphoret  of  bifmuth. 

20.  The  cafe  is  not  the  fame  with  fulphur  ; it 
eafily  unites  with  bifmuth.  W hen  we  heat  equal 
quantities  of  thefe  two  metals  in  a crucible,  we 
perceive  that  the  fuilon  of  the  metal  is  îe- 
tarded,  anel  that  in  order  to  fufe  it,  much  moie 
heat  muft  be  employed  than  would  be  necef- 
fary  if  tlie  metal  were  by  itlelf.  By  the  ap- 
plication of  a ftrong  lire,  we  obtain  a brilliant 
black  or  greyifli-black  fulphuret,  fufceptible  ol 
yielding,  by  well-managed  refrigeration,  beau- 
tiful cryftalline  needles,  frequently  tinged  with 
the  moft  brilliant  deep  blue  and  red  colours, 
in  prifms  of  four  lid  es  very  much  elongated. 
This  cryftallization  is  effected  by  fuffering  the 
furface  of  the  filled  bifmuth  to  cool  and  become 
lixed,  then  piercing  the  folid  cruft  which  forms 
at  its  furface,  and  letting  the  portion  which 
is  hill  liquid  run  off,  whereby  a kind  of  fac- 
titious geode  or  cavity  is  formed,  lined  with 
the  molt  beautiful  needles,  and  which  when 
fawed  through  longitudinally,  prefents  a cryf- 
talline mafs,  worthy  of  being  placed  in  va- 
luable collections  amongft  the  moft  beautiful 
productions  of  art.  This  fulphuret  of  bifmuth, 
which  is  much  more  difficult  of  fnfion  than 
the  bifmuth  itfelf  ; which  does  not  lofe  its  luff 
phur  except  by  long  roafting,  and  from  which 
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the  fulphur  is  never  completely  feparated,  ex* 
cept  by  the  action  of  the  nitric  acid,  greatly 
refembles  the  fulphuret  of  antimony,  from 
which  it  may,  however,  be  diftinguillied  by 
an  attentive  examination,  as  it  does  not  foil 
the  fingers  like  the  latter,  as  it  is  a little  lefs 
fufihle,  and  as  the  vapour  which  it  yields  be- 
fore the  blow-pipe,  allâmes  a reddiih  tinge, 
whereas  that  of  the  fulphuret  of  antimony  re- 
mains white,  as  has  already  been  mentioned  in 
treating  of  the  ores  of  bifmuth. 

21.  Sulphurated  hidrôgen  gas  colours  the  fur- 
face  of  bifmuth,  and  ftrongly  blackens  the  ox- 
ides of  bifmuth,  which  it  brings  towards  the 
metallic  ftate  by  reducing  them  to  the  ftate  of 
fulphuret. 

22.  Bifmuth  is  eafily  alloyed  with  many 
metals;  but  it  does  not  unite  without  difficulty 
with  moft  of  thofe  that  we  have  already  ex- 
amined. In  fact,  its  combination  with  tung- 
ften,  molybdena,  chrome,  titanium,  and  ura- 
nium are  not  known.  That  which  it  is  capable 
of  forming  with  arfenic,  has  alfo  been  hitherto 
ill  defcribed.  Wallerius  has  remarked,  that 
they  cannot  be  united  by  fufion;  it  is  known 
that  in  fmelting  it,  it  feparates  from  cobalt,  at 
the  top  of  which  it  colleéls;  that  it,  neverthe- 
lefs,  unites  with  this  metal  by  the  acid  of 
nickel:  its  alloy  with  the  latter  affords,  accord- 
ing to  Cronftedt,  a brittle,  fcaly,  micaceous 
metal.  It  does  not  appear  to  be  fufceptible  of 
uniting  with  manganefe." 
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G.  Ad  ion  of  Water  and  fke  Oxides . 

23.  Bifmuth  exerts  no  aétion  upon  water;  its 
attraction  for  oxigen  is  too  weak  to  take  it 
from  the  hidrogen.  On  the  contrary,  we  find 
that  this  latter  principle  takes  the  oxigen  from 
the  oxides  of  bifmuth,  colours  them,  and  caufes 
them  to  return  to  the  ftate  of  bifmuth.  It  is 
true  that  hidrogen  acts  much  more  powerfully 
upon  thefe  oxides  when  it  contains  fulphur, 
fmce  this  feizes  the  metal  at  the  fame  time  that 
the  hidrogen  attracts  the  oxigen  of  the  oxide  of 
bifmuth.  From  this  double  attraction  proceeds 
the  brown  or  green  colour,  which  is  imparted  to 
the  white  oxide  of  bifmuth,  in  fo  rapid  and  fen- 
fible  a manner,  by  the  vapours  of  the  hidroful- 
phurets,  or  the  hidrogenated  fulphurets. 

24.  It  is  to  be  expected  that  a metal  that  has 
fo  little  attraction  for  oxigen,  or  rather  which 
has  fo  flight  an  adhefion  with  this  principle, 
will  be  able  to  take  it  from  but  very  few  metal- 
lic fubftances;  accordingly  bifmuth  does  not  act 
lenfibly  upon  the  metallic  oxides,  if  we  except 
thofe  of  the  lead  combuftible  metals,  with  which 
it  eafily  divides  the  oxigen  which  they  contain  ; 
as  it  appears  to  yield  a part  of  its' own  to  other 
oxides.  This  faCt  is  exemplified  in  the  manu- 
facture of  porcelain,  and  in  the  preparation  of 
enamels,  where  the  colours  are  often  feen  to  be 
modified  by  the  mixture  of  thefe  different 
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oxides;  modifications  which  are  owing  merely 
to  the  diftributions  of  oxigen  amongft  the  dif- 
ferent oxides  which  are  mixed  in  the  vitrifica- 
tions. 


H . Action  of  the  Acids. 

25.  All  the  folutions  of  bifmuth  in  the  acids, 
and  even  the  cryftaliized  faits  which  are  obtained 
from  them,  refemble  each  other,  and  differ  from 
all  or  almoft  all  the  other  metallic  folutions,  as 
well  as  from  all  their  faits,  in  the  circumftance 
that  the  addition  of  a fufficient  quantity  of  wa- 
ter decompofes  them,  and  precipitates  from  them 
an  oxide  of  bifmuth,  of  a more  or  lefs  beautiful 
and  brilliant  white  colour.  This  phenomenon 
fhows  that  the  bifmuth  is  ftrongly  oxidated  by 
the  action  of  the  acids,  that  it  has  little  ad  he  fi  on 
with  the  folvents,  and  that  it  forms  with  them 
combinations  of  very  little  permanency  ; but  it 
is  very  remarkable,  that  this  metal  fhouldexift 
in  them  more  highly  oxidated  than  it  is  by  the 
ordinary  procefs  of  oxidation  with  the  aid  of  fire 
and  water,  and  that  it  fiiould  have  a white  co- 
lour, whilft  the  oxide,  made  in  the  ordinary 
manner,  has  only  a dirty  grey  or  yellowifli  calf. 
This  phenomenon  is  found  to  take  place  in  feve- 
ral  and  even  in  almofl  all  the  metallic  fubftances. 

26.  The  concentrated  fulphuric  acid  exerts 
no  aftion  in  the  cold  upon  bifmuth;  but  this 
metal  decompofes  the  acid  by  ebullition;  and 
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by  means  of  diftillation,  fuiphureous  acid  gas 
is  difen  gaged  ; the  bifmuth  being  oxidated 
and  converted  into  a white  powder.  If  we  heat 
it  ftrongly,  fulphur  is  volatilized.  When  we 
wafh  this  mafs  with  water,  the  liquid  takes  up 
the  remaining  acid,  and  a fmall  quantity  of 
oxide  of  bifmuth.  The  lixivium  yields  fmall, 
needled,  and  foft  cryftals  by  a well-managed 
evaporation:  this  fulphate  of  bifmuth  is  decom- 
pofed  by  water,  which  fe  para  tes  from  it  a white 
oxide.  The  portion  of  this  oxide,  that  is  fepara- 
ted  from  the  mafs  by  the  firft  lixiviation,  does 
not  fenfibly  retain  fulphuric  acid,  and  is  re- 
duced with  much  greater  difficulty  than  the 
oxide  formed  by  the  action  of  fire  and  air. 

27.  The  fuiphureous  acid  does  not  attack 
bifmuth;  it  unites  with  its  oxide,  and  forms 
with  it  a white  fulphite  infoluble  in  water,  and 
even  in  its  acid,  of  a fuiphureous  tafte,  fufible 
by  the  blow-pipe  into  a reddifh-yellow  mafs, 
which  is  reduced  into  metallic  globules  upon 
charcoal,  decompofable  with  effervefcence  by 
the  fulphuric  acid,  yielding  by  diftillation  fub 
phureous  acid,  and  leaving  alfo  a white  and  pure 
oxide. 

28.  Nitric  acid  exerts  a very  lively  aétion 
upon  bifmuth.  When  this  acid  is  a little  con- 
centrated, and  the  bifmuth  in  the  ftate  of  powder, 
the  re-aétion  between  the  bodies  is  fo  violent,  and 
the  effervefcence,  the  fwdling,  and  the  difen- 
^ao-cment  of  nitrous  gas,  as  well  as  the  forma- 
tion  of  the  red  and  thick  nitrous  vapour  which 
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this  gas  produces  In  the  air,  are  fo  rapid  and 
active,  that  the  whole  of  thefe  phenomena  pre- 
sent a linking  example  of  a combuftion  which 
requires  nothing  except  flame  to  render  it  com- 
plete: in  fact,  it  is  a real  and  very  violent 
combuftion,  and  is  attended  with  a great  pro- 
dudtion  of  heat.  The  bifmuth  is  burned  by 

fj 

the  decompofttion  of  the  acid  into  white  oxide, 
which,  after  the  action  has  ceafed,  if  the  quan- 
tity of  acid  requiftte  for  its  oxidation  have  not 
been  added,  remains  dry;  fometimes  in  this 
operation  the  metal  becomes  inflamed  and 
throws  out  fparks.  If  we  take  a weaker  acid, 
no  inch  violent  action  enfues;  the  oxide,  in  pro- 
portion as  it  is  formed,  is  diffolvcd  in  the  acid. 
It  is  obferved,  that  a black  infoluble  powder  is 
detached  from  the  metal,  which  Pott  confidered 
as  an  oxide  of  bifmuth,  and  which  others  have 
taken  for  fulphur:  it  is  not  yet  known  whether 
it  is  not  charcoal.  The  nitric  folution  prepared 
in  this  manner  is  colourlefs,  and  depolits  cryf- 
tals  frequently  without  evaporation.  This  fait 
has  been  deferibed  as  having  the  form  of  tetra- 
hedral prifms,  cornpreftcd  with  obtufe  trihedral 
fummits:  I have  obtained  it  in  flat  rhomboidal 
parallelopipedons,  refembling  the  Iceland  cryf- 
tal,  but  with  much  more  obtufe  angles.  The 
nitrate  of  bifmuth  detonates  feebly,  and  with 
fmall  reddiih  fcintillations  upon  ignited  charcoal; 
it  fufes,  boils,  fwells,  exhales  nitrous  vapour, 
and  leaves  a gxeenifti-yellow  oxide  difficult  to 
be  reduced.  It  dries  in  a dry  air,  and  in  humid 
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air  it  becomes  a little  moift  and  covered  with  a 
white  and  opaque  pellicle  As  foon  as  it  is 
brought  into  contact  with  water,  it  renders  it 
turbid,  deco m poles  it,  precipitates  a white  oxide, 
and  affords  only  nitric  acid  with  a very  fmall 
.quantity  of  water.  This  decompofition  is  ef- 
fected with  the  nitric  folution,  which  is  poured 
gradually  into  a large  quantity  of  water,  in 
order  to  obtain  the  oxide,  which  was  formerly 
termed  magljlery  of  hifmuih , and  which  is  ftilî 
called  pearl  white  in  the  {hops,  and  is  em- 
ployed as  a paint  for  the  fkin.  If  we  with 
to  obtain  this  precipitate  very  white,  and  in 
a ftate  of  extreme  divifion,  in  order  that  it 
may  be  very  mild,  it  mull  be  prepared  with 
a large  quantity  of  water,  agitated  for  a long 
time,  well  wafhed,  and  dried  with  great  pre- 
caution, arid  in  places  where  there  is  no  com- 
buftible  vapour.  Frequently  it  aifumes  a la- 
in ell  ated  and  brilliant  form,  like  light  mo- 
ther  of  pearl,  or  the  white  fcales  of  fifhes.  At 
lead  1 1 3 parts  are  obtained  from  Î00  ofbifmuth 
that  have  been  employed;  and  as  the  water 
which  diffolv  cs  the  acid  retains  alfo  a certain 
quantity  of  oxide  which  is  feparated  by  the 
addition  of  the  alkalis,  we  mult  add  a little  more 
weight  to  the  augmentation  which  this  metal 
experiences  in  its  oxidation  by  means  of  the 
acid;  for  Bergman  reckons  it  onlv  at  113  to 
the  hundred,  indicating  only  the  oxide  that  is 
feparated  by  the  water.  The  oxide  of  bifmuth 
obtained  in  this  manner,  when  employed  as  a 
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white  paint  for  the  fkin,  has  the  inconvenience  of 
being  very  eaiily  turned  to  a dark  grey,  brown,  or 
even  black  colour,  by  the  contact  of  fulphurated  or 
carbonated  hidrogen  gas,  and  even  by  that  which 
is  difengaged  from  hot,  hard-boiled  eggs,  from  pri- 
vies, fewers,  and  from  various  boiled  vegetables. 

29.  The  muriatic  acid  a6is  with  difficulty 
upon  bilmuth;  in  order  to  favour  its  action,  it  is 
requifite  that  it  ffiould  he  concentrated,  and  kept 
for  a long  time  in  digeftion,  or  even  diftilled 
upon  this  metal  reduced  to  powder.  During 
this  action  a fetid  fmell  is  difengaged,  which  is 
probably  owing  to  a particular  hidrogen  gas, 
though  this  has  not  yet  been  afcertained  bv  ex- 
périment,  fince  the  metal  being  decompofed,  as 
jfliall  foon  he  ffiown,  and  the  acid  not  being  ca- 
pable of  being  decompofed,  there  is  only  the  wa- 
ter that  can  fupply  it  with  oxigen  ; and  the  other 
principle,  the  hidrogen,  mu  ft  be  exhaled  at  the 
lametime.  By  evaporating  the  acid  that  has  been 
heated  upon  the  bifmuth,  or  by  walking  the  mafs 
which  remains  after  the  flow  diftillation  carried 


to  drynefs,  and  by  evaporating  this  folution,  we 
obtain,  though  with  difficulty,  {lender  needles  of 
muriate  of  bifmuth  in  fmall  quantity;  for  tire 
greater  part  of  the  oxide  of  bifmuth  has  been 
feparated  by  the  water.  The  muriate  is  fub- 
liaied  by  the  ak' ion  of  the  fire  into  a thick  f olid 
llibitaiice,  fufible  by  a gentle  beat,  which  was 
formerly  termed  butter  of  bifmuth ; it  is  dcli- 
quefeent,  decornpofable  by  water,  which  fepa- 
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from  it  a very  fine  white  oxide. 
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30.  The  ox  i senate  cl  muriatic  acid  oxidates 
bifmuth  with  much  promptitute  and  a&ivity, 
and  forms,  with  the  oxide  which  it  produces, 
the  lame  fait  as  the  preceding.  If  we  throw 
pulverized  bifmuth  into  oxigctiated  muriatic 
acid  gas,  it  becomes  inflamed  and  throws  out 
white  fparks  at  the  moment  when  it  comes  into 
contact  with  this  gas.  The  veflel  in  which  this 
experiment  is  made,  is  afterwards  entirely  co- 
vered with  white  oxide  of  bifmuth.  The  action 
of  the  oxigenated  muriatic  acid  upon  bifmuth 
is  not  known;  it  is  not  known  whether  thefe 
fubftances  unite  together,  and  whether  there 
exifl  an  oxigenated  muriate  of  bifmuth,  and  in 
what  refpecf  it  may  differ  from  the  fimple  muri- 
ate of  this  metal. 


31.  We  are  equally  ignorant  of  the  nature 
and  properties  of  the  combinations  of  the  phof- 
phoric,  fluoric,  and  boracic,  as  alio  of  the  me- 
tallic acids,  with  the  oxide  of  bifmuth;  the 
aétion  of  thefe  acids  upon  the  metal  has  not 
been  appreciated.  Its  oxide,  however,  is  com- 
bined with  moft  of  thefe  acids,  by  pouring  (blu- 
tions of  the  alkaline  faits  which  they  form,  into 
a folution  of  nitrate  of  bifmuth.  In  this  expe- 
riment we  obtain  white  precipitates;  we  know 
alfo  that  there  exifts  a carbonate  of  bifmuth,  for 
when  we  precipitate  folutions  of  bilmuth  in  the 
acids  by  means  of  the  alkaline  carbonates,  we 
do  not  fee  the  carbonic  acid  difengaged,  at  lead 
not  entirely  ; and  the  precipitate  obtained  by 
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tliefe  faits  weighs  more  than  the  oxide  of  the 
meta!  ought  to  weigh  if  it  were  pure. 

32.  All  the  feintions  of  bifmuth  by  the  acids 
are  precipitated  by  the  alkaline  earths,  the  ah 
kalis,  and  the  alkaline  carbonates,  in  a white 
powder.  Bergman  lays,  that  a hundred  parts 
of  bifmuth  diflolved,  yield  by  foda  12.5  parts  of 
precipitate;  by  the  carbonate  of  foda,  150;  by 
the  pruffiate  of  pot-alb,  180.  To  all  the  fa 6ts 
that  have  already  been  indicated  it  mu  ft  be 
added,  that  thefe  folutions  are  never  fat u rated, 
but  always  acid,  though  it  feems  that  the  oxide 
of  bifmuth  it-felf  is  in  a ilate  approaching  to 
acidity,  efpecially  with  refpeét  to  its  flight  ad- 
hefion  with  its  folvents. 


I.  Action  upon  the  Salifiable  Bases  arid  the  Salts. 

38.  The  oxide  of  bifmuth  unites  by  the  vitre- 
ous ftifion  with  fllex,  to  which  it  imparts  a 
greenifh-yeilow  tinge.  The  alkaline  earths 
exert  no  fenfible  action  upon  this  metal.  Pott 
allures  us  that  the  fixed  alkalis  reduce  bifmuth 
in  fcoria;  but  there  is  reafon  to  believe  that 
this  fcorification  depended  upon  the  air  and 
the  velfeis.  Ammonia  does  not  act  upon 
bifmuth;  it  is  however  afferted,  that  it  aflumes 
a yellowifh  colour  with  it.  Margraff  fays,  that 
its  oxide  diffolves  well  in  this  volatile  alkali. 
The  combination  of  the  oxide  of  bifmuth  with 
the  alkalis,  deferves  to  be  well  examined  by 
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rliemifts,  as  it  promjfes  combinations  in  which 
this  oxide  may  act  the  part  of  an  acid. 

34.  Bifmuth  produces  no  alteration,  either 
in  the  fulphates  or  fulphites;  it  is  burned 
and  oxidated  by  the  nitrates.  When  flrongly 
heated  and  thrown  into  a red-hot  crucible  with 
nitrate  of  pot-alh,  it  detonates  feebly  without 
any  rapid  or  brilliant  inflammation;  it  is  re- 
duced into  an  oxide,  of  which  one  portion  com- 
bines with  the  pot-alh.  Pott  alTerts  that  bifmuth 
is  oxidated,  diffolved,  and  fublimed  by  muriate 
of  foda. 

This  metal  does  not  act  upon  the  muriate  of 
ammonia,  but  its  oxide  decompofes  it  very  well; 
even  in  the  cold,  it  begins  to  difen o^ao-e  from  it 
a fmall  quantity  of  ammonia  by  fimple  tritura- 
tion; and  by  heat  it  is  totally  decompofed,  and 
leaves  a muriate  of  bifmuth  which  is  fublimed 
entirely  when  adied  upon  by  a Prong  fire.  It 
here  performs  the  fundi  ions  of  an  alkali  or  a fa- 
li fiable  bafe. 

The  fuperoxigenated  muriate  of  pot-alh 
burns  bifmuth  with  a flame,  and  oxidates  it 
completely  and  very  quickly,  by  the  aid  of 
heat,  or  the  contadi  of  an  inflamed  body.  A 
mixture  of  one  part  of  this  metal  in  fine  pow- 
der, and  three  parts  of  the  fait,  fulminates  with 
the  emiffion  of  fparks,  when  ftruck  upon  an  an- 
vil with  a hammer. 

The  phofphates  and  phofphites,  the  borates, 
the  fluates  and  the  carbonates,  do  not  adt  upon 
bifmuth.  Thefe  faits,  which  are  frequently 
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termed  the  vitreous  flux,  on  account  of  their 
property  of  vitrifying  with  many  fubftances,  are 
actually  fufcd  into  a glafs  with  bifrnuth,  which 
gives  them  a yellow  colour  with  more  or  sels 
of  a greenifli  caff,  according  to  its  different 
ftate  of  oxidation. 

K.  Ufes. 

35.  Bifrnuth,  which  has  been  compared  with 
lead,  but  very  improperly,  inice  it  differs  from 
this  metal  in  moft  of  its  properties,  and  fmce 
fome  points  of  ftrained  analogy  which  Geoffroy 
the  younger  has  found  in  it,  are  much  fewer 
than  the  differing  characters  which  it  prefen  ts, 
is  very  frequently  employed  in  its  metallic 
form.  It  is  alloyed  with  feveral  metals,  in  order 
to  give  them  hardnefs,  rigidity,  or  confidence; 
it  is  particularly  ufeful  to  the  pewterers,  and  all 
thofe  who  employ  white  and  hard  alloys.  It  is 
generally  believed  that  it  ads  upon  the  animal 
economy  in  the  fame  manner  as  lead,  though 
this  opinion  is  yet  fupported  by  no  decifive 
faéls.  In  this  ftate  of  uncertainty,  and  efpe- 
cially  on  account  of  the  fufpicion  which  all 
well-inftruded  authors  have  entertained  of  biff 
muth,  it  ought  never  to  be  employed  internally 
except  with  much  prudence  and  caution. 

36.  The  utility  of  its  oxides  is  very  confidera- 
hie.  It  is  employed  in  this  form  by  the  manu- 
facturera  of  porcelain  in  the  preparation  of  fome 
vellow  enamels:  it  is  mixed  with  other  oxides. 
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in  order  to  tinge  the  colours  of  glazes  and 
paintings.  It  is  fometimes  ufed  in  the  manu- 
facture of  coloured  glafs,  to  give  a yellow 
tinge  approaching  to  green.  The  white  paint 
or  fucus  is  the  molt  common  preparation  of 
this  metal  in  the  Hate  of  oxide.  Betides  the 
inconveniences  which  I have  already  mentioned, 
and  which  are  not  of  fufficient  confequence  to 
prevent  females  from  employing  it,  as  the 
contact  of  the  hidrogenated  vapours  may  be 
avoided,  a more  important  intereft  ought  to 
ditfuade  them  from  its  ufe.  The  oxide  of  bif- 
muth  injures  the  tkin,  either  by  obftrudfing  its 
pores,  or  hy  conftridfing  and  irritating  its  texture, 
or  by  thickening,  hardening  and  blackening  it: 
it  is  employed  for  rendering  the  hair  black. 
The  Germans  ufe  the  white  oxide  of  bifmuth, 
in  dofcs  of  half  a grain,  as  an  antifpafmodic  and 
fedative  in  fpafms  of  the  ftomach,  efpecialjy  with 
female  patients.  Mr.  Red  has  given  us  fome 
obfervations  on  this  property  of  the  oxide  of 
bifmuth. 


Article  XII. 

Concerning  Antimony , 

A.  Hijlory. 

1.  Though  there  are  fome  reafons  to  believe 
that  antimony  was  not  entirely  unknown  to  the 
ancients,  but  that  they  gave  it  another  name 
VrOL  V.  U and 


O 


QO 


A NTIMON T 


and  employed  it  in  fome  alloys;  it  is  certain 
that  its  diftindtion  as  a particular  metal,  and  the 
more  profound  inveftigation  ol  its  properties, 
are  to  be  attributed  to  Bafil  Valentin,  who 
flourithed  towards  the  end  of  the  fifteenth  cen- 
tury. It  was  in  a firft  work  profeffedly  written 
upon  the  fubjedt,  and  entitled  Currus  Trium- 
ph all  8 Antimonii , that  he  recorded  many  dit- 

coverics  relative  to  this  metallic  fubftance,  and 

% 

efpecially  its  ful phu ret;  for  it  is  to  be  obferved 
that  the  name  of  antimony  was  given  to  the 
fulphureous  combination  of  this  metal,  which 
was  well  known  before  it  was  underftood  how 
to  extract  from  it  the  metal  itfelf.  Kerk  tin  gins, 
in  the  feventeenth  century,  commented  upon 
the  treatife  of  Bafil  Valentin  ; and  his  nu- 
merous notes  contain,  if  not  details,  at  leaft  the 
firft  bales  of  all  the  difcoveries  that  have  fince 
been  made  upon  this  lubftance. 

2.  No  fubftance  has  been  more  ftudied  than 
this,  none  has  been  the  fubjedt  of  inch  numerous 
labours,  and  there  is  none  concerning  which  lo 
much  lias  been  written.  We  might  colled! 
a library  merely  ot  the  treatifes  that  have 
been  written  upon  this  fubjedt.  Ihe  alchemifts, 
who  eon  fide  red  it  as  the  fubftance  the  heft  adap- 
ted to  the  fcope  of  their  refear ches,  have  be- 
llowed immenfe  labours  upon  this  mineral,  and, 
if  I may  ufe  the  expreffion,  have  tormented  it 
in  every  pofiible  manner;  in  another  point  ot 
view,  it  offered  great  motives  for  hope  to  the 
adepts,  and  many  of  them  expected  to  find  in  it 
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the  imiverfal  remedy.  It  would  be  difficult  to 
enumerate  the  îmmenfe  number  of  medicinal 
preparations  that  have  been  made  with  the  ore 
and  the  metal  that  are  to  form  the  fubjeht  of 
this  article.  All  perfons  who  occupied  them- 
felves  with  chemiftry,  and  the  healing  art,  enter- 
tained for  a long  time  exaggerated  opinions 
relative  to  this  fubjeft.  The  one  party  could 
find  nothing  but  excellent  and  powerful  reme- 
dies in  the  antimonial  preparations;  the  other 
confidered  them  only  as  poifons,  and  thought 
they  ought  to  be  banifhed  from  medical  prac- 
tice. It  was  difficult  to  remain  indifferent 
with  refpeCt  to  fo  important  a fubftance,  and 
hence  arofe  the  great  number  Of  experiments 
that  were  made,  and  the  multitude  of  differta* 
tions  that  were  written  upon  antimony. 

.3.  Le  me  ry  was  the  firft  chemift  who,  pro-* 
fiting  by  all  the  labours  of  his  predecelfors* 
and  adding  to  them  many  of  his  own,  began 
to  write  in  a correct  and  rational  manner  con-® 
cerning  antimony*  His  Treat i le,  publiihed  at 
the  end  of  the  feventeenth  century,  contains 
a multitude  of  curious  experiments  and  exact 
procefles  upon  antimony  and  its  fulphutet. 
Mender  has  alio,  in  an  exprefs  treatiie,  given  a 
very  complete  hiftory  of  it.  Man  get,  in  his 
Bibliothèque  Chimique,  has  collected  many 
treatifes  concerning  the  fulphurét  of  this 
metal.  There  exilt  many  other  particular  and 
monographic  treatifes  upon  this  body,  and 
there  has  fcarcely  been  any  able  chemift  who 
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has  not  made  fome  particular  inquiries,  fome 
difcoverics,  or  at  leaf!  lbme  effays  relative  to  this 
fubftance.  Geoffroy  has  inferted  feveral  memoirs 
relating  to  it  in  the  volumes  ot'  the  academy, 
Bergman  pnblifhed,  in  1783,  a very  well  written 
Differtation  concerning  the  numerous  and 
varied  fulphureous  combinations  of  antimony <> 
Scheele,  Macquer,  and  Rouelle  have  alfo  given 
different  procédés  for  preparing  valuable  anti- 
monial remedies.  A great  number  of  phyfi- 
ci  ans  have  invented  and  extolled  particular 
formulas  of  which  this  metal  and  its  fulphuret 
formed  the  bafe  ; of  thefe  we  may  form  an  idea 
from  the  Table  of  thefe  remedies,  publillied 
at  London,  in  the  year  1773,  by  William 
Saunders. 

4.  To  thefe  immenfe  fources  are  to  be  added 
the  innumerable  antimonial  preparations,  that 
have  been  defcribed  and  celebrated,  for  even 
more  than  eighty  years  paft,  in  the  pharma- 
copeias, formularies,  difpenfatories,  all  of 
which  prefent  fome  particular  fadis  relative  to 
its  chemical  hiftory,  and  have  had  fome 
influence  upon  the  knowledge  of  the  pro- 
perties of  this  metal.  Though  it  would  he 
impoffible  as  well  as  fafiidious  and  ufelefs  to 
give  an  exact  fortement  of  all  the  difcoveries 
contained  in  thefe  almofi  innumerable  works, 
we  ought  at  leaft  be  Time  of  over-looking  no 
effential  cireumftance  in  methodically  arranging 
the  expofition  of  the  chemical  charadters  of 
antimony  ; befides,  we  fhall  fee  that  the 

thoufands 


thoufands  of  experiments  and  inquiries  that 
have  been  undertaken  relative  to  tins  fubjedf, 
refer  to  a certain  number  of  general  and  lead- 
ing taels,  none  of  which  hiall  be  negledled  or 
forgotten  in  this  article.  The  pneumatic  doc^» 
trine,  by  explaining  with  great  clearnefs  and 
extreme  precifion,  all  the  difeoveries  and  all  the 
preparations  that  appertain  to  this  metal,  has 
greatly  contributed  to  Amplify  its  liiftory  ; and 
the  methodical  nomenclature,  by  giving  exact 
ideas  of  all  the  different  compounds  to  which 
it  gives  rife,  has  diffipated  the  obfeurity  in 
which  barbarous,  myfterious,  and  ridiculous 
names  had  involved  this  part  of  chemiftj-y. 

B.  Phyfical  Properties* 

5.  Antimony  extradled  from  its  ore  and  in 
a confiderably  pure  hate,  or  dug  out  of  the  earth 
which  frequently  affords  it  in  a native  hate,  as 
%ve  hi  all  foon  fee,  has  very  dihinéi  and  well 
charadterized  properties.  It  is  of  a white, 
pure,  brilliant  colour,  much  refemhling  that 
of  hiver  or  tin  ; its  lamellated  texture  is  mani- 
fehly  compofed  of  plates  which  feem  to  inter- 
fedt  eacn  other  in  every  diredlion,  and  which 
have  greatly  embarraffed  Citizen  Haiiy  in 
di heeling  them  in  order  to  determine  its 
fenm.  It  frequently  prefents  at  the  furfa.ee  of 
tiiofe  orbiculai  cakes,  rounded  and  convex  on 
one  fide,  and  flat  on  the  other,  which  we  meet 
with  in  the  hiops,  very  perceptible  traces  of 
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cryftallization,  which  have  been  defcribed  as 
herborisations,  fern-leaves,  feathers,  or  harry 
rays.  The  alcheuiifts  placed  a greater  value 
upon  that  on  which  they  faw  tnis  ftar  lhine,^ 
which  they  coniidered  as  a favourable  omen 
for  their  labours.  Its  fpecific  gravity  is  6,7 02. 
Citizen  Guyton  places  it  in  the  leventh  rank 
with  refpedt  to  hardnefs,  and  at  the  fide  of 
lead;  but  it  is  fenfibly  harder  than  the  latter, 
which  it  eafily  fcratches  : it  has  no  ductility, 
and  eafily  breaks  under  the  broke  of  a ham- 
pier.  It  may  even  be  reduced  into  a fine 
powder,  which  is  of  a grey-white  colour. 

6.  Its  power  of  conducting  heat,  and  its  di- 
sability by  this  agent  have  not  yet  been 
determined  with  relation  to  other  metals,  for 
as  it  is  not  du&ile,  it  is  not  neceffary  for  the 
prts  that  this  property  fiiould  be  afcertained. 
It  is  not  fufed  until  it  has  been  heated  to 
perfect  rednefs,  and  it  is  ranked  by  the  che- 
mifis  amongft  the  metals  of  a middling  fufi- 
bility.  Citizen  Guyton  eftimates  a tempera- 
ture of  545,  according  to  Reaumur’s  fcale,  to 
be  fuflicient  for  fufing  it.  When  we  continue 
to  heat  it  after  its  fufion  in  well-clofed  veffels, 
at  the  moment  when  it  is  of  a white-red  colour, 
it  riles  in  vapour,  and  is  fublimed  and  con- 
denied  at  the  upper  part  of  the  crucible  in 
brilliant  and  manifeftly  cryftallized  laminæ. 
If  we  fuller  it  to  cool  (lowly  after  having  fufed 
it,  and  if,  by  perforating  the  folid  cruft  which 
forms  at  its  furfaee,  we  f after  the  liquid  por- 
tion 
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tien  to  run  out,  we  find  the  internal  cavity 
left  by  this  decantation  lined  with  pyramidal 
cryftals,  final l octahedrons,  and  feveral  other 
fécond  ary  forms  manifeftly  formed  by  octahe- 
drons ; when  it  becomes  entirely  fixed  without 
any  fluid  portion  being  feparated,  it  p refen ts 
in  its  frahtures  large  laminae,  which  crois  each 


other  in  various  directions,  and  which,  as  I 
have  already  obferved,  render  it  very  difficult 
to  determine  its  form  : this  it  met  are  is  the  moft 
complicated  of  any  that  Citizen  Haiiy  has  yet 
had  occafion  to  obferve.  In  maifes  of  anti- 
mony purified  by  feveral  repeated  fufions,  he 
has  found,  by  attacking  very  fenfible  .joints, 
twenty  different  directions  ; however,  he  has 
difeovered  this  metal  to  be  divifible  in  direc- 
tions parallel  to  the  faces  of  a regular  octa- 
hedron, and  at  the  fame  time  to  thole  of  a 
rhomboidal  dodecahedron;  and  he  has  found, 
by  adopting  the  moft  probable  hypothefis  of  this 
fpecies  of  undetermined  problem,  that  the  octa- 
hedron, compofed  of  an  infinite  number  of  final l 
regular  octahedrons  connected  by  their  edges, 
each  of  which  was  an  affemblage  of  fix  fmaller 
tetrahedrons  united  by  their  faces,  by  giving 
the  primitive  form,  explains  the  almoft  in- 
finite number  of  joints,  the  one  parallel  to  the 
faces  of  the  regular  tetrahedrons,  and  the  others 
to  the  faces  of  the  tetrahedrons  of  which 
thefe  are  compofed,  which  are  found  in  the 
dilTeét'iou  of  this  metal  : fo  that  by  this  dif- 
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feélion,  we  arrive  at  the  double  refulfc  that  has 
been  announced. 

7.  Antimony  has  a very  perceptible  fmell 
and  tafle,  which  are  perceived  when  pieces  of 
this  fubftance  have  been  held  and  rubbed  for 
fome  time  in  the  hands.  It  is  to  thefe  proper- 
ties that  phyficians  afcribe  the  very  decided 
effedfs  which  this  metal  produces  in  the  animal 
economy,  as  an  emetic  and  purgative.  Some 
have,  however,  believed  that  it  produced  thefe 
effedts  only  as  an  oxide,  and  when  it  met  with 
acids  in  the  firft  paffages. 

* 

C.  Natural  Hi/lory. 

8.  Antimony  has  hitherto  been  found  in 
nature  only  in  four  different  hates:  the  firft 
is  that  of  native  metal  ; the  fécond,  that  of 
fulphuret  of  antimony  ; the  third,  hidro-ful- 
phu rated  oxide  of  antimony  ; and  the  fourth, 
muriate  of  antimony. 

9.  Native  antimony  was  firft  found,  in  1748, 
at  Sahlberg,  in  Sweden,  by  Anthony  Shwab  ; 
Schreiber  difcovered  it  afterwards  in  abundance 
in  the  mines  of  Altemont,  in  the  province 
formerly  called  Dauphiné,  now  the  Depart- 
ment de  VI fere . This  native  antimony  is 
eafily  diftinguifhable  by  its  colour,  its  brilliancy, 
its  large  laminæ  ; fometimes  it  is  mixed  with 
arfenic  ; but  this  ought  not  to  be  confidered  as 
a particular  ore  as  fome  mineralogifts  have  dones 
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who  have  defignated  it  by  the  name  of  white  or 
arfenieal  ore  of  antimony. 

V 

10.  The  fulphuret  of  antimony  is  of  a grey 
metallic  colour  ; it  foils  the  fingers  like  black 
chalk,  but  its  furface  is  much  more  brilliant, 
and  never  grows  dull  by  friction.  When 
this  ore,  which  is  very  abundant  in  France 
and  Hungary,  is  well  cryflallized,  it  prefents 
fquare  prifms,  (lightly  rhomboidal,  terminated 
by  a pyramid  with  four  faces,  refembling 
that  of  the  regular  oCtahedron.  This  crvftal 

O 4/ 

divides  very  neatly  parallel  to  the  two 
moft  projecting  or  moft  acute  edges  of  the 
prifm  ; in  the  pyramid  the  divifions  are  parallel 
to  the  edges  which  anfwer  to  the  bafes  of 
the  prifm  ; finally,  by  the  light  of  a taper,  we 
fee  fome  that  are  parallel  both  to  the  hdes  of 
the  prifm,  and  to  its  bafes.  Citizen  Haiiy 
has  not  yet  found  cryftals  fufficientlv  complete 
to  afeertain  the  difference  of  fome  degrees 
neceflary  for  determining  tlie  primitive  form 
of  this  fulphuret.  He  only  announces  that  the 
Ttrucfure  deferibed  feems  to  indicate  a difference 
between  the  form  that  has  hitherto  been  found, 
and  that  of  the  rectangular  prifm,  or  of  the 
cube,  or  of  the  rectangular  octahedron,  which 
are  the  forms  moft  familar  to  the  metallic  fub- 
ftances.  Mineralogifts  have  greatly  multiplied 
the  varieties  of  the  fulphuret  of  antimony,  ac- 
cording to  the  arrangement,  the  reparation,  the 
union,  the  volume,  and  even  the  irregularity 
of  the  prifms  or  needles  of  this  ore  : fuch  are 
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the  fpecular  fulphuret  of  antimony,  the  fi  tinted, 
the  needled , the  / t elicited , the  lamella  ted , the 
chatoyant,  the  coloured,  the  irregular . They 
have  alfo  given  it  feme  names  of  other  ores, 
when  it  is  found  to  contain  certain  metals  : and 
in  fact,  we  frequently  find  in  it  filver  and  iron, 
as  in  that  of  II  i in  m el  fur  ft,  near  Frey  berg  ; other 
famples  are  more  or  lefs  charged  with  arfenic, 

Amongft  thefe  varieties  we  mud  diftinguilh 
that  which  prefents  bundles  of  very  thin  needles, 
forming  the  tranfition  to  a capillary  eftloref- 
cence,  compofed  of  grey  filky  and  elaftic  fibres  ; 
this  is  the  ore  of  antimony  in  a grey-down, 
which  Baron  Born  juftly  refers  to  the  fulphuret 
of  antimony. 

12.  The  hi  dr  o- fid p h u rated  oxide  of  antimony, 
termed  ore  of  antimony  in  red  filaments,  or 
native  her  mes  and  golden  filphur,  is  found 
in  fine  lhining  filaments,  of  a deep  and  dark- 
red  colour,  difpofed  in  radii  diverging  from  a 
common  centre,  or  in  a kind  of  red  incruftation, 
tarnifhed,  adhering  to  the  furface  and  in  the 
cavities  of  the  fulphuret  of  antimony  ; it 
varies  by  its  caft,  which  is  fometimes  light, 
but  molt  frequently  brownifh,  and  by  its 
cryftalline  or  maify  form,  or  crumbly  ft  ate. 
It  is  now  known  to  be  a natural  combination 
of  oxide  of  antimony,  fulphur  and  fulphurated 
liidrogen  : it  yields  this  lafi  fuhftance  in  the 
form  of  gas,  with  efferrefcence  and  a fetid 
odour,  when  it  is  treated  by  the  acids;  it  will 

be 
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be  better  known  hereafter,  when  I fhall  explain 
its  artificial  preparation  and  its  properties. 

13.  The  muriate  of  antimony.  This  was  for 
fome  time  considered  as  a white  oxide  of  anti- 
mony ; it  is  found  at  the  Surface  of  other  ores 
of  antimony  or  upon  di  fie  rent  gangues,  in  two 
différent  forms  ; either  in  rectangular  laminæ, 
of  a brilliant  and  pearly  white,  divifible  in  a 
direction  parallel  to  the  larger  laminæ,  and 
refembling  the  (tone  termed  Stilbite  ; or  in 
Small  divergent  needles,  analogous  in  appear* 
ance  to  the  radiated  Zeolite , or  to  certain 
tremolites.  It  is  immediately  recognized  by  its 
property  of  fufing  when  expofed  to  the  flame 
of  a taper,  and  of  emitting  a vapour,  which 
condenfes  and  attaches  itfelf  in  a white  powder 
to  the  fpoon  in  which  it  is  held.  This  ore  is 
very  little  abundant,  and  it  is  rarely  met  with, 

1),  Zffays  and  Metallurgy . 

14.  Though  it  is  generally  a matter  of  no 
intereft  to  the  arts  to  know  the  quantity  of 
metal  contained  in  the  lulphuret  of  antimony, 
this  knowledge  is,  however,  frequently  necef- 
fary  in  chemiftry,  and  in  the  operations  belong- 
ing to  Several  of  the  arts.  There  are  two  pro- 
cédés by  which  the  Sulphur  is  Separated,  and 
the  metal  obtained  in  a pure  fiate  : the  one 
confifis  in  ilowly  roafting  the  ore  till  the  greater 
part  of  the  Sulphur  has  been  difengaged  and 
burning  the  metal  in  a gentle  fire,  till  it  is 
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reduced  into  a grey  oxide,  ftill  fulphu rated, 
which  iliali  be  defcribed  hereafter  ; and  after- 
wards  mixing  this  oxide  with  its  weight  of 
black  flux  and  a fmall  quantity  ot  black  foap 
or  oil,  and  heating  it  pretty  ftrongly  in  a 
crucible  till  the  metal  is  well  fufed  and  colic bred 
at  the  bottom  of  this  veffel.  The  black  flux 
ferves  to  reduce  the  oxide-  by  its  carbon,  and 
to  take  away  the  remainder  of  the  fulphur  by 
its  alkali.  In  the  fécond  procefs,  which  is 
more  expeditious  and  frequently  more  certain, 
nitre  is  employed,  the  quantity  of  which  is 
proportioned  to  that  of  the  fulphur,  in  order 
that  only  the  fulphur  may  be  burned  and  the 
metal  left  alone.  For  this  purpofe,  eight 
parts  of  fulphuret  of  antimony  in  powder, 
fix  parts  of  tartar,  and  three  of  nitre  are  taken. 
Thefe  three  fubftances,  accurately  mixed  and 
pulverized,  are  thrown  by  fpoonfuls  into  a 
laroe  crucible  furroundecl  with  charcoal,  and 
ignited  in  a furnace  which  gives  a ftrong  heat. 
A lively  detonation  takes  place  at  each  pro- 
jection ; the  tartar  forms  black  flux,  by  its  femi- 
combuftion  with  the  acid  of  nitre;  and  the 
fulphur  of  the  fulphuret  of  antimony  being 
burned,  the  metal  is  fufed  without  being  able 
to  become  oxidated  oil  account  of  the  carbon 
of  the  tartar  with  which  it  is  furrounded,  and 
the  liquid  alkali  with  which  it  is  covered  ; the 
part  of  the  fulphur  which  efcapes  the  com- 
buftion,  combines  with  the  alkali  and  forms 
fcoria,  which  fwim  at  the  top  of  the  metal. 

The 
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The  whole  is  poured  into  a greafed  and  well 
heated  iron  cone,  then  agitated,  by  ftriking 
the  Tides  of  the  cone,  in  order  to  collect  the 
antimony  at  the  bottom  of  this  veftei,  and 
when  it  is  fufficiently  cooled,  it  is  extracted 
in  a button  generally  marked  at  its  furface  with 
needles  difpofed  in  the  form  of  a ftar.  This 
ftar  proceeds  from  the  circumftance  that  as  the 
cooling  commences  at  the  tides,  the  fluid  is 
thrown  from  the  centre  to  the  circumference. 
Ho\eever,  this  cryftallization  can  take  place 
only  in  the  fmall  buttons  of  antimony  : in  the 
larger  maffes,  Inch  as  the  cakes  which  are  fold 
in  commerce,  the  fluid  fubftance,  being  call 
into  flat  moulds,  experiences  an  undulation  in 
feveral  parts  at  the  fame  time,  and  affames 
feyeral  centres  of  cryftallization  ; fo  that  in- 
ftead  of  a ftar,  we  find  impreffions  refembling 
fern-leaves.  Moreover,  Reaumur  has  fliown 
that  a hidden  refrigeration  prevents  the  ftar- 
like  cryftallization,  and  that  only  the  half  of 
this  ftar  is  obtained  when  one  of  the  Tides  of  the 
cone  is  luddenly  cooled.  Though  the  fulphuretof 
antimony  contains  nearly  three  quarters  of  its 
weight  of  metal,  it  is  not  obtained  entire,  becaule 
part  remains  in  oxide  combined  with  the  ful- 
pliur  and  alkali  in  the  fcoria.  Accordingly, 
thefe  are  very  much  compounded,  as  we  find  in 
them,  by  an  exaél  analyfis,  undecompofed  nitre, 
charcoal,  fulphate  of  pot-afh,  hidrogenated 
fulphuret  of  pot-afh,  with  fulphurated  and  hidro 
genated  oxide  of  antimony. 


« 


Berg- 


ANTIMONY. 


I 


302 

15.  Bergman,  in  his  Differtation  on  theliurrnd 

V f 7 

anal  y fis,  gives  different  procédés  for  affaying 
the  different  fpecies  of  ores  of  antimony.  The 
native  metal  ought,  according  to  him,  to  be 
treated  with  the  nitric,  or  rather  the  concen- 
trated nitrous  acid,  and  reduced  into  oxide, 
the  weight  of  which  ferves  to  determine  its 
quantity  and  purity.  The  fulphuret  affayed  by 
the  nitro-muriatic  acid  gives  the  fulphur  fepar- 
ated  upon  the  filtre.  The  metal  oxidated  and 
diffolved  in  the  mixed  acki  being  treated  again 
with  concentrated  nitrous  acid  which  is  made 
to  boil,  is  depofited  in  the  ftate  of  oxide. 
The  ores  of  antimony  which  contain  arfenic, 
yield  the  latter  feparated,  and  fbow  its  propor- 
tion, when  we  caufe  them  to  boil  flightly  in 
the  nitro-muriatic  acid,  in  order  to  feparate  the 
fulphur  from  them  ; when  we  treat  the  folution 
which  contains  the  antimony  and  arfenic  with 
concentrated  nitric  acid  which  is  brought  to 
ebullition,  the  oxide  of  antimony  then  becomes 
precipitated  alone,  and  is  collected  upon  the 
filtre  ; by  evaporating  the  liquor  we  obtain  the 
arfenic  in  the  ftate  of  arfenic  acid;  laftly,  the 
fame  chemift  recommends  us  to  employ  the  cauff 
tic  fixed  alkali,  which,  he  fays,  diffolves  the  fuff 
phur  and  the  antimony,  and  féparates  the  filver 
or  the  other  metals,  which  are  not  foluble  in 
it.  The  laft  mentioned  procefs  is  adapted  to 
the  cafes  of  ores  of  antimony  mixed  with  other 
metallic  fubftances. 
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16.  Operations  in  the  large  way,  or  the 
metallurgy  of  the  ores  of  antimony,  are  applied 
only  to  the  fulphuret  of  this  metal:  not  to 
obtain  the  metal  from  it;  for  this  extraction  is 
performed  only  in  particular  works  far  from 
the  mines  ; and  in  general  the  fulphuret  of 
antimony  is  employed  more  abundantly  and 
more  frequently  than  its  metal.  Accordingly 
the  working  in  the  large  way  conflits  only  in 
the  purification  and  a fort  of  refining  of  this 
ore,  for  the  purpofes  of  feparating  it  accurately 
from  its  gangue  and  affording  it  pure  to  the 
arts  in  which  it  is  employed.  With  this  view, 
a large  crucible,  or  earthen  pot,  is  placed  in 
the  ground,  in  füch  a manner  that  its  fuies  are 
upon  a level  with  the  furface,  or  a little  elevated 
above  it  : this  is  a fort  of  receiver;  upon  the 
firft  pot  a fécond  is  placed,  perforated  at  the 
bottom,  which  enters  into  the  upper  part  of 
the  firft  and  clofes  it  pretty  exactly  : this  upper 
crucible  is,  therefore,  entirely  out  of  the 
ground  ; into  this  latter  the  ore  which  is  to  be 
purified  is  introduced,  broken  into  fragments; 
it  is  covered  with  a lid  ; then  fur -rounded  with 
coals,  and  the  fire  lighted,  which  is  at  firft 
made  very  gentle,  and  gradually  augmented  ; 
the  fulphuret  of  antimony  runs  through  the 
holes  with  which  the  upper  crucible  is  per- 
forated, is  colleéted  in  the  crucible  that  is  buried 
in  the  ground,  and  there  becomes  fixed  by  cool- 
ing. Some  other  fufible  fubftances  alfo  pals, 
and  form  fcoria  above  the  fufed  ore.  This 
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fulphuret  is  afterwards  ex  traced  in  cakes  that 
have  affirmed  the  figure  of  the  pot,  and  the 
mafs  of  which,  being  throughout  cryftalliney 
is  needled  or  ftriated  in  the  interior  parts,  xhis 
is  the  ftate  in  which  it  is  met  with  in  commerce. 

As  the  mineral,  purified  in  this  manner,  is 
ufed  in  making  a great  number  of  chemical 
and  pharmaceutical  preparations  ; as  it  has  been 
employed  in  thefe  preparations  much  moie  fie- 
quently  even  than  the  metal,  I ihall,  in  each  of 
the  following  articles,  treat  with  each  of  the 
agents  of  which  the  a&ion  will  be  there  exa- 
mined, both  of  Antimony  as  well  as  the  fulphuiet 
of  antimony,  in  order  to  prelent  a more  com- 
plete and  more  methodical  hiftory  of  the  pro- 
perties of  this  metal  and  of  its  ore. 

E.  Oxidahility  by  the  Air . 

17.  Antimony  is  one  of  the  moft  com-» 
buftibie  metals,  and  unites  moft  fpeedily 
and  moft  ftrongly  with  the  atmofpheric  oxi- 
gen.  In  the  cold,  it  experiences  no  fenfible 
alteration  from  expofure  to  the  air  ; but  when 
it  is  kept  ftifed  in  contact  with  it,  a white 
fmoke  arifes  whiclr  foon  falls  down  upon  the 
furface  of  the  metal,  or  attaches  itfelf  to  the 
upper  part  of  the  crucible,  cryftallizing  there 
in  the  form  of  long  and  very  flender  prifms 
or  of  white  fhining  needles.  This  fublimed 
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argentine  flowers , or  fnow  of  régulas  of  anti- 
mony. When  we  with  to  prepare  a certain 
quantity  of  it,  we  place  a crucible  filled  with 
antimony  obliquely  in  a good  furnace,  in  fuch 
a manner  that  the  mouth  of  the  crucible  is 
upon  a level  with  the  interior  orifice  of  the 
hearth  ; upon  the  firft  a fécond  crucible  is 
adapted,  fupported  obliquely  and  a little  higher 
than  the  former,  fo  as  to  ferve  as  a receiver 
in  this  kind  of  fubliming  apparatus.  Thefe 
two  velfels  which  are  luted  together  with  a 
little  loam  are  not  fufficiently  clofed  to  pre- 
vent the  air  from  penetrating  into  the  in- 
terior fpace.  The  metal  becomes  oxided,  burns 
with  confiderable  violence  and  is  at  the  fame 
time  volatilized,  fo  that  its  oxide  being  received 
into  the  exterior  crucible,  is  condenfed  in  it, 
and  attaches  itfelf  to  it  in  long  and  beautiful 
cryftallirie  needles,  of  a brilliant  whitenefs,  and 
pofleffing  a femi-tranfparency,  of  a vitreous  ap- 
pearance* A part  of  this  oxide  is  pulverulent; 
it  is  detached  by  flightly  /baking  out  the  cru- 
cible which  contains  it  upon  paper.  The  an- 
timony is  found  to  have  gained  more  than 
twenty  per  cent. 

18.  If,  inftead  of  treating  the  antimony  in 
the  manner  that  has  juft  been  defcribed,  it 
be  heated  very  ffrOngly  and  to  whitenefs  in 
a crucible,  and  afterwards  agitated  or  Iliaken 
in  contadf  with  the  air,  it  inflames  with  a fort 
of  explofion,  prefents  while  burning,  a white 
light,  and  exhales  into  the  air  the  white 
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oxide  which  it  ufually  yields.  This  property  is 
alio  oblerved  in  treating  antimony  in  the  fmall 
way'  with  the  blow-pipe.  If  when  it  is  well  filled 
upon  charcoal,  and  at  the  moment  when  its  lui- 
face  is  not  covered  with  any  particle  of  oxide, 
we  throw  it  fuddenly  upon  the  ground,  the 
globules  into  which  it  divides  in  its  fall  burn 
with  a very  lively  flame,  and  throw  out  on  all 
fid  es  brilliant  l'parks  which  laft  for  fome  time  : 
when  we  afterwards  examine  thefe  globules 
which  have  been  inflamed  by  rapidly  abforbing 
and  flrongly  folidifying  the  atmofpherieal  oxi- 
gen,  we  find  them  covered  with  a white  pow- 
der, or  having  depofited  a light  circle  of  this 
oxide  upon  the  place  where  they  reft,  or  where 
they  have  cooled.  This  pretty  experiment  we 
have  from  Citizen  Gillet,  member  of  the  coun- 
cil of  mines. 

1,9.  The  white  oxide  obtained  by  the  flow  or 
rapid  combuftion  of  antimony,  either  cry  ftallized 
or  pulverulent, approaches  to  the  nature  of  an  acid 
fuhflance.  It  is  fapid,  a little  foluble  in  water; 
it  is  eafily  reduced  by  carbon;  it  remains  fixed 
in  the  fire  ; and  it  fuies  at  a high  temperature 
into  a glafs  of  a clear  hyacinth  colour.  It  is 
employed  for  colouring  glaffes  with  an  orange, 
or  faffron-yellow  tinge. 

Citizen  Thenars,  in  his  intcrefting  refeavches 
relative  to  the  oxides  of  antimony,  has  found 
that  this  retains  0,20  of  oxigen,  that  it 
is  eafily  reduced,  even  without  any  addition, 
and  that  by  operating  in  a tube  of  porcelain 
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We  may  obtain  the  metal  by  the  mere  adlion  of 
the  fire  ; that  if  we  heat  it  ftrongly  and  can- 
tioufly  in  a crucible,  it  pafles,  as  it  becomes 
fucceffively  difox ided,  firft  into  the  ftate 
of  a yellow  oxide  eafily  f'ufible  into  glafs, 
containing  0,19  of  oxigen,  then  into  the 
orange-coloured  oxide,  containing  0,18  of 
this  principle;  afterwards  into  chocolate  brown 
oxide,  charged  with  0,1 6 of  oxigen; 
and  laftly,  that  it  arrives  at  the  ftate  of  black 
oxide, t containing  only  0,02  of  oxigen,  be- 
fore it  re-affumes  the  metallic  ftate.  Thefe 
different  oxides  are  of  great  importance  to  be 
known,  on  account  of  their  relation  with  feve- 
ral  antimonial  combinations  that  will  be  de- 
fended hereafter. 

20.  The  fulphuret  of  antimony,  heated  upon 
charcoal,  with  the  blow-pipe,  is  fufed,  runs, 
exhales  a white  frnoke  which  attaches  itfelf  to 
the  coal  in  a powder  of  the  fame  colour,  and  at 
laft  penetrates  the  fubftance  which  fupports  it, 
and  difappears  leaving  a white  circle  round  the 
place  where  it  has  been  abforbed.  When  this 
fulphuret  is  expofed  in  the  ftate  of  a fine  pow- 
der to  a flow  fire,  upon  an  earthen  plate,  fo  as 
to  have  much  eontadl  with  the  air,  and  fre- 
quently agitated,  it  is  converted  after  the  ap- 
plication of  the  fire  has  been  continued  about 
fifteen  or  eighteen  hours,  into  a greyifh  pow- 
der, frequently  mixed  with  particles  that  are 
ftill  brilliant,  and  which  eafily  forms  foft  lumps 
when  it  is  heated  a little  more  ftrongly.  This 
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powder  which  was  formerly  termed  grey  calx 
of  antimony , and  at  prefent  grey  fulphurated 
oxide  of  antimony , is  oxidated  antimony  that 
has  loft  the  greater  part  of  its  fulphur.  The 
fulphuret  when  converted  into  this  fpecies  of 
oxide,  is  dimmiflied  in  the  proportion  of  be- 
tween twenty  two,  to  twenty  three  parts  in  a 
hundred.  Bergman  admits  that  it  contains,  in 
a hundred  parts,  about  five  parts  of  ftilphur,  fo 
that  the  grey  fulphurated  oxide  of  antimony 
feems  to  confift  of  about  0,78  of  antimony,  0,  id 
of  oxigen,  and  0, 0(5  of  fulphur.  This  oxi- 
dation, and  defulphuration  of  the  fulphuret 
of  antimony  affords  a fulphureous  fmell,  and 
raifes  into  the  air  a fmall  quantity  of  oxidated 
antimony  ; when  the  operation  is  performed 
upon  a large  quantity  of  the  fubftance,  this 
vapour  is  pernicious,  at  leaft  unlefs  it  be  per- 
formed under  a chimney  that  has  a sood 
draught.  The  ancient  chemifts  fuppofed  the 
exiftence  of  fome  arfenical  matter  in  the  ful- 
phuret of  antimony  ; but  it  produces  this  eifebt 
by  the  peculiar  nature  of  its  oxide. 

2 J . When  we  heat  the  grey  fulphurated  oxide 
of  antimony  rapidly,  and  with  the  aid  of  a 
Itrong  bellows,  it  is  fufed  in  the  fpace  of  fome 
minutes  into  a beautiful  transparent  glafs  of  a 
hyacinth  colour.  This  is  the  glafs  .of  antimony 
of  the  ancient  chemifts,  the  tranfparent; vitreous 
fulphurated  oxide  of  the  fy hematic  nomencla- 
ture. It  is  to  be  remarked  that  when  the  oxi- 
dation and  the  roafting  of  the  fulphuret.  has* 
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been  continued  till  all  its  brilliancy  has  dis- 
appeared, and  till  it  is  whitened  or  approaches 
to  whitenefs,  we  have  only  an  opaque  Scoria; 
which  Shows  that  the  prefence  of  Some  hun- 
dredths of  Sulphur  is  requifite  to  the  preparation 
of  this  glafs.  Accordingly,  in  order  to  give  it 
its  transparency  and  beauty,  it  is  Sufficient  to 
add  to  it  a little  Sulphur  or  fulphuret  of  anti- 
mony, which  even  greatly  accelerates  the 
fufion.  When,  on  the  contrary,  we  heat  the 
grey  fulph  urated  oxide  of  antimony  with  twice 
its  weight  of  black  flux,  or  ftill  better  with  a 
mixture  of  one  part  of  white  flux,  and  one 
part  of  tartar,  in  a crucible,  with  a good  fire, 
for  Some  minutes,  we  obtain  0,78  or  0,79  of 
pure  antimony.  I have  already  indicated  ' 
this  procefs  in  the  defcription  of  the  affays  of 
this  ore. 

22.  In  order  to  prove  the  nature  of  the  glafs 
of  antimony  by  fynthefis,  Bergman  combined 
oxide  of  antimony  immediately  with  fulphur, 
in  the  proportion  of  eight  parts  of  the  fir  ft, 
and  one  of  the  Second  ; by  fufing  this  mixture 
in  a crucible,  with  the  hi  ait  of  the  bellows,  he 
obtained  real  vitreous  and  transparent  Sul- 
phurated oxide  of  antimony.  He  has  remarked 
that  by  fufing  for  the  fame  Space  of  time, 
about  Seven  minutes,  two  parts  of  oxide,  and 
one  part  of  fulphur,  the  Sulphur  was  volatilized, 
and  that  the  fulphur  being  thus  fufed,  ■ and 
Sublimed  with  a ftrong  lire,  carried1  with  it  the 
oxide  of  antimony  ; that  four  parts  of  oxide 
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with  one  of  fulphur  gave  a black,  and  as  it 
were  fibrous  mafs,  whilft  fixteen  parts  of  oxide, 
and  one  of  fulphur  yielded  a green ifii  glafs. 
He  adds,  as  a character  of  the  glafs  of  anti- 
mony, that  when  heated  witli  the  muriatic  acid, 
it  exhales  fulphurated  hidrogen  gas.  He  pro- 
pofes  with  reafon  to  prepare  the  glafs  of  anti- 
mony for  pharmaceutical  purpofes,  by  com- 
bining the  oxide  of  antimony  with  the  fulphur 
in  the  firft  proportion  that  has  here  been  in- 
dicated, in  order  to  have  this  preparation  con- 
fiant. He  has  taken  for  his  experiments  the 
oxide  of  antimony  formed  by  means  of  nitre  ; 
but  it  is  to  be  remarked  that,  that  which  is 
the  produdt  of  oxidation  in  the  air  is  affedted 
very  nearly  in  the  fame  manner  as  the  for- 
mer. 

E.  Union  with  the  CombuJUbh  Subjtances. 

23.  It  is  not  known  whether  there  exifts  any 
combination  between  antimony  and  azote,  hi- 
drogenand  carbon,  which,  amongfithe  combufi 
tible  bodies,  have  yetfhown  but  very  little  adtion 
upon  moft  of  the  metallic  fubfiances.  Carbon 
adts  with  much  energy  upon  the  oxide  of 
antimony,  deprives  it  of  its  oxigen  at  a red 
heat  and  reduces  it.  The  hidrogenated  com- 
pounds, or  the  carbonated  hidrogenous  fub- 
ftances,  the  oils,  the  rcfins,  the  fats,  produce 
the  fame  effedt  upon  this  oxide  at  a very  high 
temperature,  and  caufe  it  to  return  into  the 
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metallic  ftatc.  This  operation  has  however  al- 
ways been  confklered  as  difficult.  It  has  been 
laid  that  it  fucceeds  only  in  part,  and  that  but 
very  little  well-reduced  antimony  is  obtained. 
In  fact,  the  mafs,  after  having  been  ftrongly 
heated,  frequently  remains  in  the  Hate  of  a 
black,  fpongy,  inflated  feoria,  and  this  fcoria 
is  commonly  pyrophoric  ; it  inflames  and  burns 
with  rapidity,  like  a fi re-work,  when  the  mat- 
ter contained  in  this  veffel  is  furred  with  an 
iron  rod.  However  the  experiments  of  Citi- 
zen Thenars  have  rendered  thefe  phenomena 
eafy  to  be  accounted  for  ; it  appears  that  the 
carbon  oppofes  the  fufion  of  the  antimony, 
that  its  white  oxide  returns  into  the  ftate  of 
black  oxide,  and  remains  in  this  ftate  in  a 
light  and  fcorified  form,  in  which  it  is  generally 
pyrophoric. 

24.  Antimony  unites  very  well  with  phof- 
phorus.  Pelletier,  who  is  the  firft  who  has 
occupied  himfelf  with  the  preparation  and  the 
properties  of  the  metallic  phofphorets  has 
formed  that  of  antimony  in  three  ways,  either 
by  heating  one  part  of  vitreous  phofphorie  acid 
with  one  part  of  antimony,  and  an  eighth  of 
carbon,  or  by  fufing  equal  parts  of  this  vi- 
trified acid  and  antimony  in  powder  with- 
out carbon,  or  by  throwing  phofphorus  upon 
the  metal  in  the  fufed  ftate,  in  a crucible.  The 
fécond  of  thefe  procédés  proves  that  antimony 
heated  to  rednefs  has  more  attraction  for  oxi* 
gen  than  phofphorus  has,  as  the  phofphuret  of 
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antimony  which  is  formed  in  this  cafe  cannot 
be  formed  without  the  acid  gdafs  being  decorn- 
pofed  and  unburned  by  the  metal  By  every 
one  of  thefe  three  means,  Pelletier  has  obtained 
a brilliant  metallic  phofphuret,  brittle,  of  a la- 
mellated  fracture  with  final!  fquare  facets,  fimi- 
lar  and  equal  in  three  proceffes.  This  phof- 
phuret, when  placed  upon  a well-ignited  coal, 
is  fufed,  yields  a fmall  green  flame,  and  exhales 
white  oxide  of  antimony.  Pelletier  obferves, 
that  this  phofphorated  combination  refembles 
that  of  arfenic  with  the  fame  metal,  in  the 
form  of  its  fmall  facets.  It  appears  that  it  is 
more  fufible  than  antimony.  This  combina- 
tion,  like  all  thofe  of  the  metals  with  phof- 
phorus,  has  yet  been  only  touched  upon,  or 
hut  very  flightly  examined,  and  it  merits  all 
the  attention  of  chemifts. 

25.  Antimony  combines  eafily  with  fulphur, 
and  forms,  by  this  artificial  combination,  a 
fulphuret  of  antimony  perfectly  fimilar  to  that 
which  exifls  in  nature,  On  fufing  the  mix- 
ture, we  perceive  that  it  is  much  more  fufible 
than  the  metal  itfelf  ; that  this  abforbs  only  a 
little  more  than  a quarter  of  its  weight  of  ful- 
phur ; that  it  afiumes  the  prifmatic  or  needled 
form,  and  the  brilliant  grey  colour,  inftead 
of  the  lamellated  texture  and  the  white  colour 
which  it  had  before.  We  may  bring  this  arti- 
ficial fulphuret  of  antimony  to  cryftallize  like 
the  natural  one,  by  canting  it  to  cool  flowly, 
and  by  feparating  the  portion  which  is  ftilP 
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liquid  ; in  other  refpeets  it  acts  in  all  expe- 
riments like  the  native  fulphuret  of  antimony, 
and  might  be  employed  and  prepared  for  the 
iame  ules,  if  nature  did  not  afford  it  in  great 
abundance. 

Q6.  Antimony  combines  eaftly  with  many  me- 
tallic fubftances.  In  general,  its  alloys  are  la- 
mellated  and  brittle.  Amongft;  the  metals  that 
have  hitherto  been  examined,  we  only  know 
the  combination  of  antimony  with  arfenic  and 
bifmuth.  We  know  that  thefe  alloys  have 
fmall  facets,  that  they  are  very  brittle,  very 
hard,  and  eafy  to  he  fufed.  Thofe  which  it 
forms  with  tungften,  molybdena,  titanium,  ura- 
nium, nickel,  cobalt,  and  maganefe,  have  not 
yet  been  examined.  Thefe  metals  have,  for 
the  greater  part,  been  too  little  examined 
hitherto  for  it  to  be  pofnble  to  determine  with 
preciiion  their  combinations  with  each  other, 
or  with  other  metallic  fubftances. 

27.  As  little  has  the  action  been  yet  appre- 
ciated which  various  combuftible  bodies,  efpe- 
cially  hidrogen,  carbon,  and  phofphorus,  exert 
upon  the  fulphuret  of  antimony.  Sulphur  can- 
not act  upon  it,  as  the  metal  is  already  fatura- 
ted  with  it  in  this  combination.  However  we 
ihall  fee  hereafter  that  by  adding  fulphur  in 
feme  combinations,  the  properties  of  the  re- 
fulting  compounds  are  Angularly  modified. 
Several  metals,  amongft  thofe  which  remain 
to  be  examined,  poffefs  the  property  of  tak- 
ing away  the  fulphur  from  antimony  in  a red 
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heat,  and  of  decompofing  its  fulphuret,  as  will 
be  fhown  in  the  hiftory  of  thefe  metals.  The 
alchemifts  formerly  made  great  ufe  of  this  pro- 
perty, and  placed  great  confidence  in  what 
they  termed  the  Regulus , or  the  allojmd  anti- 
mony, proceeding  from  this  operation. 

28.  It  has  already  been  proved  (No.  22.)  ac- 
cording to  the  experiments  of  Bergman,  that 
the  oxide  of  antimony,  heated  and  fufed  with 
fulphur,  forms  vitreous  compounds  more  or  lefs 
of  a hyacinth  colour,  which  refemble  the  glafs 
of  antimony.  We  Ihall  here  add,  that  in  thefe 
combinations,  fulphurated  hidrogen  gas  is  pro- 
duced, which  unites  with  the  oxide  and  the  ful- 
phur, fothat  thefe  compounds  are  hidro-fulphu- 
rets,  or  hidro-fulphurated  fulplmrets.  This  pro- 
ceeds  either  from  the  circumftance  that  the  oxide 
which  Bergman  advifes  us  to  take  retains  a little 
water  ; for  he  recommends  it  to  be  well  wafhed, 
and  we  ihall  fee  hereafter  for  what  reafon  ; 
or  that  the  combination  ab  forks  atmofpherical 
water,  and  decompofes  it  : the  latter  fact  indi- 
cates that  the  oxide  of  antimony  here  acts  after 
the  manner  of  the  alkalis.  The  Swedifh  che- 
rnift  obferves,  that  the  glafs  of  antimony,  pre- 
pared in  this  manner  by  fufion,  yields  fulphur- 
a ted  hidrogen  gas  when  it  is  heated  with  the 
muriatic  acid,  whilft  a firnple  mixture  not  fufed, 
but  merely  triturated,  of  the  oxide  of  anti- 
mony  and  fulphur,  does  not  yield  gas  by  the 
action  of  this  acid.  The  union  between  the 

two 


ANTIMONY. 


315 


two  fubftances,  effected  by  fufion,  is  therefore 
neceffary  to  the  decoin pofition  of  water. 

2<K  We  have  alfo  feen  (No.  22.)  that,  ac- 
cording to  the  proportions  of  oxide  of  anti- 
mony and  fniphur,  which  we  combine  by  fu- 
fi on,  we  obtain  different  compounds.  I ought 
here  to  add,  according  to  Bergman,  (Experi- 
ment 36,  in  his  Differtation  on  the  Sulphurated 
Antinionials)  that  by  heating  in  a crucible  equal 
parts  of  oxide  of  antimony,  retaining  a little 
water,  according  to  his  method  of  preparing  it, 
and  fulphur,  with  a gentle  fire  raifed  only  to 
the  degree  neceffary  for  fufmg  or  (lightly  foffcen- 
ing  the  mixed  rnafs,  a brown  compound  is  ob- 
tained, analogous  to  the  preparation  known  by 
the  name  of  Kermes  Mineral \ of  which  I ill  all 
fpeak  hereafter.  Here,  frill  more  than  in  the 
Artificial  Compofition  of  the  Glafs  of  Anti- 
mony, which  has  been  fpoken  of  in  Nos.  22 
and  28,  fulphurated  hidrogen  is  formed,  which 
enters  into  the  combination  ; for  the  Kermes 
contains  more  of  this  fubftance  than  the  o-]afs 
of  antimony.  By  the  explanations  that  will  be 
given,  this  fimple  enunciation  will  foon  be  com- 
prehended. 

30.  A combination,  very  analogous  to  thefe 
hidro-fulphurets  of  antimony,  is  effected  by  a 
procefs  which  had  efcaped  the  fagacity  of  Berg- 
man, and  which  Citizen  Berthollet  has  lately 
applied  to  great  advantage,  though  it  has 
hitherto  been  feen  and  indicated  but  in  a vague 
manner  by  moft  chemilts.  Whenever  the  oxide 
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of  antimony  is  treated  with  an  alkaline  iulphu- 
ret,  - or- with  an  hidro  fulphuret,  fuch  as  water, 
charged  with  fiilphurated  hidrogen,  this  oxide 
unites  with  the  latter,  and  at  the  fame  time 
with  a greater  or  lets  quantity  of  fulphur,  fo  as 
to  form  compounds  more  or  Ids  of  an  orange  or 
brown-  colour,  in  which  the  antimonial  ox- 
ide and  the  fiilphurated  hidrogen  are  the  com- 
mon elements,  but  which  vary  lrom  each  other 
in  a very  great  number  of  proportions,  fol- 
lowed by  gradations  very  much  diverfified  in 
all  their  properties.  As  theie  compounds 
will  come  to  be  treated  of  more  in  detail, 


under  the  article  relating  to  the  treatment 
of  antimony,  and  its  fulphurets  bv  the  ah 
kalis  and  by  nitre,  I here  indicate  only  the 
exiftence  of  thefe  compounds,  and  their  form- 
ation by  the  immediate  union  of  fiilphurated 
hidrogen,  and  the  hidrogenated  fulphurets; 
with  the  oxide  of  antimony. 


A Elion  upon  If  a ter  and  the  Oxides . 

31.  The  reciprocal  action  of  water  and  anti- 
mony has  not  yet  been  fufficiently  examined  : 
in  the  cold,  thefe  two  fubftances  produce  no 
fenfible  effect  upon  each  other  ; but  the  fame  is 
not  the  cafe  when  the  antimony  is  heated  to 
rednefs  and  fufed.  It  cannot  be  doubted  that  in 
this  cafe  the  metal  decompofcs  the  water  ; it  has 
not  been  practicable  to  perform  this  experiment 
in  an  immediate  manner,  becaufe  it  is  accom- 
panied with  a very  dangerous  detonation  and 

fulmination 
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fulmination.  Chemifts  have  frequent  opportu- 
nities of  obier  vin  o*  this  fulguration,  which 

O O ^ ' 

takes  place  whenever  fufed  antimony  is  in 
contabt  with  water  : in  two  of  thefe  accidents, 
both  of  which  might  hâve  killed  or  grievouflv 

CO  v? 

wounded  the  operators,  I remarked  a very  brii- 
liant  white  flame.  1 have  no  doubt,  therefore,, 
that  the  water,  at  a high  temperature,  is  de- 
compofed  by  the  antimony,  and  that  the  lat- 
ter burns  by  the  oxigen  which  it  takes  array 
from.it;  and  we  ih all  foon  fee  that  the  fame  de- 
compofition  takes  place  in  the  cold  or  in  a flight 
heat,  under  a multitude  of  cireumltances,  in 
which  the  antimony  is  allured  by  the  addition 
of  feveràl  other  bodies. 

32.  Though  the  action  of  the  fulphuret  of 
antimony  upon  water  has  not  yet  been  fluid ied, 
many  facts  concur  to  prove  that  it  exerts  a more 
or  lets  marked  action  upon  this  liquid,  and  that 
it  takes  from  it  its  oxigen,  even  at  tempera- 
tures confiderably  low,  provided  it  be  afflfted  by 
the  flmultaneous  action  of  the  acids  or  the  alka- 
lis. It  is  this  ablion,  the  knowledge  of  which 
was  unfortunately  Van  ting  to  Sche.ele  and  Berg- 
man, which  would  have  enabled  them  to  dif- 
cover  ftill  more  important  truths  than  thofe 
which  we  already  owe  to  their  genius,  and 
which,  as  we  fliall  fee  in  the  iubfequent 
numbers,  renders  it  much  more  eafy  and 
Ample  to  comprehend  and  explain  feve- 
ral  phenomena  which  they  ohferved  and  de- 
fer] bed,  relative  to  the  antimoniated  prepara- 
tions, 


antimony. 


SIS 

tions,  without  having  been  able  even  to  iufpeSt 
the  caufe. 

S3.  The  oxide  of  antimony,  when  fa tu rated 
with  oxigen,  cryftallized  into  needles  in  its 
fublimation,  which  has  been  defcribed  above 
(No.  17.)  is  foluble  in  water,  according  to  the 
ancient  obfervation  of  Rouelle  the  elder,  to 
which  chemifts  have  not  yet  paid  all  the  at- 
tention which  it  merits.  Though  the  propor- 
tions, and  efpecially  the  properties  of  this  fohu 
tion,  have  been  little  examined,  we  however 
already  know  enough  concerning  it  to  fee  that 
by  this  fo  lubi  lit  y the  oxide  of  antimony  ap- 
proaches to  an  acid  nature.  In  fa6t,  this  folu- 
tion  unites  well  with  the  alkalis,  and  precipi- 
tates an  orange-coloured  powder  from  water 
charged  with  ful  phura  ted  hidrogen.  The  ox- 
ide of  antimony  acts  as  an  emetic  upon  the  ani- 
mal economy. 

«y 

34.  Antimony,'  which  the  fa6ts  that  have 
been  already  cited  entitle  to  a place  amongft 
the  metals  which  abforb  oxigen  moft  eafily,  and 
adhere  to  it  rather  ftrongly,  mu  ft  for  the  fame 
reafon  exert  a marked  action  upon  feveral  ox- 
ides ; and  though  it  has  by  no  means  been  yet 
fubjehted  to  all  the  experiments  capable  of  well 
afcertaining  this  a6lion,  what  we  already  know 
is  fufficient  at  leaft  to  enable  us  to  judge  of  how 
great  importance  it  would  be  to  determine  it 
with  greater  accuracy  than  has  yet  been  done. 
By  heat,  antimony  takes  away  oxigen,  either 

completely 
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completely  or  in  part,  from  filver,  gold,  mer- 
cury, copper,  lead,  and  iron  ; it  is  true,  that 
with  refpedt  to  the  three  laft  mentioned  metals, 
it  feizes  only  that  portion  of  this  principle  that 
adheres  the  leaf:  to  them,  and  which  has  been 
the  laffc  added  to  them.  It  is  in  this  manner 
that  it  appears  to  aéi  upon  the  metallic  acids 
which  it  is  capable  of  difacidifying,  though 
it  is  incapable  of  depriving  their  metallic  radi- 
cals of  the  firft  portion  of  oxigen  which  reduces 
them  into  the  ftate  of  oxides. 

35.  The  adtion  of  the  fulphuret  of  antimony 
upon  the  metallic  oxides  has  not  yet  been  accu- 
rately appreciated  ; but  the  energy  with  which 
this  binary  combuftibie  feizes  oxigen;  and  the 
property  which  it  has  already  been  found  to 
poifefs  (No.  32.)  of  deeompofing  water,  fuf- 
ficiently  prove  that  this  fulphuret  is  capable  of 
taking  that  principle  from  a part  of  thefe  oxides, 
or  of  depriving  them  of  the  lait  portion  that 
has  been  added,  as  being  the  leaft  adherent. 
Many  of  the  compounds  that  have  been  ima- 
gined by  the  alchemifts  might  ferve  to  prove  the 
fadts  if  it  were  necelfary. 

A [lion  of  the  Acids . 

36.  Cold  fulphuric  acid  experiences  no  al- 
teration from  antimony,  neither  does  it  caufe 
antimony  to  undergo  any.  When  we  boil  it 
upon  this  metal,  fulphureous  acid  gas  is  dif- 
engaged  with  efhor licence  ; and  if  we  beat  the 
iubftances  to  dry  nefs  in  a retort,  fulphur  is  fub- 

3 limed  : 
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limed:  there  then  remains  white  oxide  of  an- 
timony in  the  veffel.  If  we  do  not  urge  the 
application  of  the  heat  to  drynefs,  we  have 
a white,  foft,  and  humid  mafs  in  the  crucible  > 
when  we  wadi  this  mafs  with  water,  the  liquid 
takes  up  the  acid  united  with  a fmall  portion  of 
antimony,  and  leaves  a large  quantity  of  white 
oxide  undiffolved  ; a large  quantity  of  water 
added  to  this  folution  precipitates  from  it  alto 
the  fmall  quantity  of  oxide  which  it  contains  : 
when  it  is  evaporated,  it  becomes  turbid  with- 
out affording  any  real  cryftallized  fait.  The 
earths  and  alkalis  decoinpofe  it,  and  precipi- 
tate from  it  a white  oxide,  which  is  difficult  to 
he  reduced  by  carbon,  according  to  the  te  (ti- 
mon y of  rnoft  chemifts.  There  exifts,  therefore, 
no  real  fulphate  of  antimony,  and  the  metal, 
though  very  oxidable  by  the  boiling  fulphurie 
acid,  is  not  foluble  in  this  acid,  fo  that  it  a&s- 

aim  oft  as  if  it  had  itfelf  affumed  the  charac- 

■ 

ter  of  acid. 

37.  The  fill phu ret  of  antimony  is  fcarcely  at- 
tacked by  the  fulphurie  acid  ; when  this  acid  is 
boiling,  it  effervefees  with  the  mineral  ; much 
fulphureous  acid  gas  is  difengaged,  but  no  nil- 
phurated  hidrogen  gas  ; there  is  no  more  oxide 
of  antimony  in  iolution  than  in  the  preced- 
ing cafe  ; the  fulphur,  mixed  with  the  oxide  of 
antimony,  remains  at  the  bottom  of  the  liquid  ; 
accordingly,  this  cannot  be  a procefs  proper  for 
analyzing  the  fulphuret  of  antimony,  and  fepa:- 
rating  the  fulphur  from  the  metal.  The  oxide 
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of  antimony  by  fire,  the  grey  fulphurated  ox- 
ide, and  the  glafs  of  antimony  are  fcarcely  at- 
tacked by  the  fulphuric  acid.  When  we  caufe 
it  to  boil  upon  the  coloured  hidro-fulphurated 
oxides,  that  have  been  treated  of  in  Nos.  22, 
28,  2 and  30,  a fmall  quantity  of  fulphurated 
hidrogen  gas  is  difengaged,  without  taking  up 
the  oxide  and  really  feparating  it  from  the  ful- 
phu r. 

38.  The  fulphureous  acid  exerts  no  aélion  i li- 
the cold  either  upon  antimony  or  the  fulphu- 
ret  of  antimony;  in  heat  it  appears  that  this 
acid  is  decompofed,  that  the  metal  is  oxidated, 
and  that  a fulphurated  fulphite  of  antimony  is 
formed.  The  fulphureous  acid  takes  the  ox- 
ide of  antimony  from  feveral  of  its  folutions, 
and  efpecially  from  that  by  the  muriatic  acid  ; 
it  forms  in  it  a white  precipitate,  of  an  acrid 
and  auftere  tafte,  a true  infoluble  fulphite  of 
antimony,  volatile,  and  decompofable  by  the 
adtion  of  the  fire,  fufible  previous  to  its  de- 
compofition  into  a grey  mafs,  cryftallizable  at 
its  furface,  and  hollow  in  the  interior  part, 
which  is  lined  with  fmall  cryftals;  reducible  by 
carbon,  from  which  the  fulphuric  expels  the 
fulphureous  acid,  and  which,  in  clofe  veffels, 
yields  by  diftillation  a fmall  quantity  of  ful- 
phureous acid,  and  afterwards  fulphuric  acid, 
leaving  as  refiduum  a fubftance  of  a brown  co- 
lour, foluble  in  fixed  alkali,  and  précipitable 
into  a h id ro-iulphu rated  oxide  of  antimony  by 
the  muriatic  acid. 

Vol,  V.  Y so. 
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39.  The  nitric  acid,  and  efpecially  that  which 
contains  a fmall  quantity  of  nitrous  gas  is 
rapidly  decompofed  by  antimony,  even  in  the 
cold.  During  this  aèfion  a large  quantity  of 
nitrous  gas  is  produced,  accompanied  with  a 
very  ftrong  red  vapour;  the  rapidity  of  the 
oxidation  of  the  antimony,  which  is  inflanta- 
neoully  converted  into  a white  oxide,  prefen ts 
the  idea  of  a real  combuftion.  Sometimes  alfo 
inflammation  takes  place.  Not  only  the  nitric 
acid  is  decompofed  in  this  experiment,  but  the 
water  itfclf  is  partially  fo  : fo  powerful  is  the 
attraction  which  the  antimony  exerts  in  this 
cafe  upon  the  oxigen  ; tne  union  of  the  azote 
of  the  fir  ft,  with  the  hidrogen  of  the  fécond  of 
thefe  fubftances,  produces  ammonia,  which  com- 
bines with  the  nitric  acid,  and  forms  nitrate  of 
ammonia,  which  has  been  taken  tor  a portion 
of  oxide  united  with  the  acid.  When  we  treat 
the  white  and  thick,  or  even  dry  mafs,  which 
refaits  from  this  addon,  with  quick-lime,  or  the 
can  flic  fixed  alkalis,  the  ammonia  is  difengaged. 
There  is  no  combination  between  the  oxide 
of  antimony  and  the  undecompofcd  portion 
of  the  nitric  acid,  when  any  of  this  remains. 
If  there  be  a little  of  this  oxide  diffolved  in 
the  acid,  water  precipitates  it  ; we  might  fay, 
that  the  antimony  had  palled  into  the  acid  hate, 
on  obferving  the  flight  adhelion  which  it  con- 
tracts with  the  nitric  acid.  The  oxide  formed 
bv  this  proeefs  has  been  confidered  as  extremely 
difficult  to  be  reduced  ; the  metal  cannot  be 

ex  t raded 


[ 


O 

ANTIMONY.  3£3 

extracted  from  it  without  a great  deal  of  la- 
bour. It  is  juitly  coiffidered  as  one  of  the  moft 
refradfory  and  irreducible  acids  that  ex i ft.  Citi- 
zen Thenars,  on  examining  it  comparatively 
with  fome  other  white  oxides,  has  found  it  to 
contain  0,30  of  oxigen  ; it  approaches  to  that 
which  is  produced  by  nitre  ; he  has  found  it  to 
be  in  fadt  difficult  of  redu&ion,  but  he  has 
cafily  fucceeded  in  reducing  it  by  heating  it 
with  a fmall  quantity  of  antimony,  in  order 
to  deprive  it  of  its  oxigen  : by  this  means  he 
has  caufed  it  to  repafs  fucceffively  through  the 
yellow,  orange  and  brown  colours,  which  in» 
dicate,  (as  I have  already  faid  relative  to  that 
which  is  made  by  the  fire,  and  which  contains 
G,£0  of  oxigen,)  progreffive  diminutions  of  its 
oxidation; 

40.  The  fulphuret  of  antimony  is  alfo  at- 
tacked  with  violence,  to  ufe  the  common  mode 
of  expreffion,  by  the  nitric  acid,  efpecially 
when  we  promote  its  adtion  by  caloric  ; the  me« 
tal  is  oxidated  and  none  of  it  remains  in  the 
acid  : the  mixture  becomes  much  heated  ; a 
large  quantity  of  nitrous  gas  is  di  fen  gaged, 
but  no  fulphurated  hidrogen  gas;  the  fulphur 
which  is  feparated,  is  found  confufcdly  mixed 
with  the  oxide  of  antimony  at  the  bottom 
of  the  liquor  ; and  we  fee  accordingly  from  this 
faét  that  the  nitric  acid  cannot  be  ufed  in  the 
concentrated  ltate,  particularly  for  making  the 

affay  of  the  fulphuret  of  antimony. 
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4L  This  acid  exerts  no  action  upon  the  oxide 
of  antimony  ; it  is  not  improbable  that  it  may 
be  diffolved  by  the  nitrous  acid,  on  account 
of  the  property  which  this  poffeffes,  of  absorb- 
ing a certain  portion  of  oxigen  from  many 
metallic  oxides.  It  has  not  however  been  at- 
tempted ; neither  is  the  manner  known  in 
which  the  nitric  and  the  nitrous  acids  a6t  upon 
the  Sulphurated  oxides  of  antimony,  or  upon 
the  hidro-fulphurets  of  antimony.  It  is  only 
known  that  the  Sulphurated  hidrogen  is  not 
diSengaged  by  the  nitrous  acid,  but  burned. 

42.  The  muriatic  acid  appears  to  be  that 
which  of  all  adds  with  the  greateft  difficulty 
upon  antimony.  The  chemifts  who  have  par- 
ticularly occupied  themfelves  with  the  Solution 
of  metals,  have  Said  that  this  metal  diffolves  by 
long  digeftion  or  by  diftillation  in  the  muriatic 
acid.  I have  obferved,  that  when  this  acid 
is  leSt  for  a long  time  upon  antimony  in  pow- 
der, it  at  length  adds  upon  this  metal,  and 
diffolves  a Sufficient  quantity  of  it  to  affume 
a Somewhat  yellowifh  colour  from  it.  This 
Solution  can  only  take  place  when  the  metal 
is  oxidated,  and  its  oxidation  in  the  caSe  that 
has  been  quoted,  can  only  proceed  from  the 
decomposition  of  the  water  ; however  I have 
remarked  no  effervefcence,  or  it  has  been  So 
feeble,  and  at  Such  diftànt  intervals,  that  I 
have  not  been  able  to  perceive  it.  The  white 
oxide  of  antimony  diffolves  better  in  this  acid, 

and 
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and  forms  a colourlefs  foliation,  which  has 
fome  properties  different  from  thofe  of  the 
preceding;  the  one  yields  by  evaporation  fniali 
cry  fiais  in  deliquefeent  needles  which  are  vola- 
tilized by  the  fire,  and  are  precipitated  and 

decompofed  by  the  contact  of  water  ; that  of 

«» 

the  oxide,  according  to  Citizen  Monnet,  is 
fixed  in  the  fire,  and  cryftallizes  into  brilliant 
laminæ  like  the  boracic  acid  ; befides  it  is  de- 
compofable  by  water.  This  difference  would 
deferve  to  be  confirmed  by  new  obfervations. 
Bergman  affirms  that  the  muriatic  acid  has 
more  attraction  for  the  oxide  of  antimony  than 
the  other  acids  : this  is  proved  in  fabt  by  the 
folution  of  them  which  it  effects  ; whilft  the 
preceding  acids  oxide  the  antimony  without 
diffolving  it,  or  quit  it  very  readily. 

43.  The  muriatic  acid  diffolves  the  fulphurefc 
of  antimony  better,  as  it  can  operate  without 
the  aid  of  heat.  During  the  folution,  a 
ftrong  fin  ell  of  fulphurated  hidrogen  gas  is 
difengaged.  When  we  heat  the  mixture  the 
whole  of  the  metal  is  diffolved.  According  to 
Bergman,  a docimaftic  quintal  of  fulphuret  of 
antimony,  heated  with  the  muriatic  acid,  yields 
about  eleven  cubic  inches  of  fulphurated  hi- 
drogen gas  ; befides  a fmall  quantity  which  re- 
mains in  the  water  through  which  the  gas  paffes. 
1 he  fame  quantity  of  fulphuret  of  antimony 
yields  only  two  inches  of  this  gas,  when  it  is 
treated  in  the  cold  with  the  muriatic  acid. 
This  celebrated  chemift  remarks,  that  the  gas 
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carries  with  it,  and  depofits  in  the  tube  01 
glafs  which  conducts  it  a fmall  quantity  of 
kermes,  or  red  hidro-fulphurated  oxide  of  an? 
timony,  which  proves  that  the  water  is  de- 
compofed  ; for  the  kermes  contains  antimony 
in  the  hate  of  brown  oxide,  and  alfo  iulplni- 
rated  hidrogen.  The  vitreous  hidro-fulphu- 
rated  oxide  of  antimony,  or  the  glafs  oi  an- 
timony is  equally  diflblved  in  the  muriatic 
acid,  with  a di  fen  gage  ment  of  fulphurated  hi- 
drogen gas.  It  is  however  here  to  be  obier ved, 
that  this  latter  compound,  which  is  obtained 
by  fufing  oxide  of  antimony  with  an  eighth 
of  its  weight  of  fulphur,  may  probably  be  no- 
thing more  than  a limple  fulphurated  oxide, 
and  not  an  hidro-fulphurct,  as  we  hud  with  the 
alkaline  fulphurets  ; and  as  tliefe  fuddenly  form 
hidrogenated  fulphurets  by  the  contadt  of  water, 
and  the  liquid  muriatic  acid,  it  may  well  be 
the  cafe  that  the  fulphurated  oxide  of  anti- 
mony does  not  contain  fulphurated  hidrogen, 
and  that  this  is  formed  only  at  the  very  moment 
of  the  contact  of  the  muriatic  acid,  and  by  the 
decompofition  of  the  water.  This  may  proba- 
bly be  the  nature  of  the  difference  between 
the  glafs  of  antimony , and  the  kermes  mineral. 

44.  The  oxigenated  muriatic  acid  burns  and 
inflames  antimony  with  rapidity,  when  we  throw 
this  metal  into  the  gafeous  acid  ; in  propor- 
tion as  the  metallic  powder  touches  this  gas, 
each  portion  kindles  and  burns  with  a very 

brilliant  white  flame,  which  forms  fparks.  The 
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metal  falls  in  the  ftate  of  oxide  to  the  bottom 
of  the  veffeh  In  the  liquid  oxigenated  acid 
the  antimony  is  converted  into  a white  powder, 
£>f  which  only  a very  finall  portion  remains 
diffolved  in  the  muriatic  acid,  on  account  ot 
the  large  quantity  of  water  which  this  liquid 
oxigenated  acid  contains,  in  which,  as  we  recol- 
lect, it  has  very  little  folubility.  The  cafe  is  the 
fame  with  the  fulplniret  of  antimony,  the  fuh* 
■phu rated  grey  oxide,  and  the  fulphu rated  vitre- 
ous oxide  of  antimony  ; thefe  three  antimonial 
fulphurets,  when  thrown  into  oxigenated  muri- 
atic acid  gas,  burn  with  a blue  flame,  becaufe  it 
is  only  their  fulphur  which  is  inflamed  ; and  as 
it  paffes  thereby  into  the  ftate  of  fulphuric  acid, 
I advife  to  treat  thefe  bodies  with  the  liquid 
oxigenated  muriatic  acid  in  order  to  analyze 
them,  and  to  afcejrtaiu  the  quantity  of  fulphur 
by  that  of  the  fulphuric  acid  that  is  formed, 
which  is  determined  by  the  acid  of  the  muriate 
of  barites  ; and  that  of  the  metal,  or  of  the 
oxide  by  the  weight  of  the  fi^ft  precipitate  or 
white  depofition,  which  is  feparated  in  this 
experiment  This  method  will  have,  it  is  true, 
the  flight  inconvenience  of  yielding  an  oxide 
more  charged  with  oxigen  than  it  was  in  the 
fulphurated  antimonials  ; but  this  is  a very 
flight  error;  it  requires  only  a fubtradtion  of 
0,02  or  0;04,  of  the  oxigen  of  the  precipitate 
obtained. 

45.  The  nitro-muriatic  acid  lias  long  been 
con  fid  ere  d as  the  heft  folvent  of  antimony, 
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and  in  fa6l  it  oxidates  and  diffolves  it  with- 
out  reducing  it  into  white  pulverulent  and  in- 
foluble  oxide  like  moft  of  the  preceding.  This 
ni  tro -muriatic  fo  lut  ion  is  more  permanent  than 
the  others.  However  it  is  alfo  decompofable  by 
water,  and  yields  white  oxide  of  antimony. 
There  is  no  nitre-muriate  of  antimony,  as  fome 
authors  have  pretended,  but  muriate  of  anti- 
mony in  this  folution.  This  liquid  fait,  the 
only  permanent  one,  in  which  the  oxide  of 
antimony  remains  united  with  an  acid,  affords 
when  we  plunge  iron  or  zinc  into  it,  a blackifh 
precipitate,  a fpecies  of  oxide  of  antimony  con- 
taining 0,02  of  oxigen,  which,  according  to 
the  obfervation  of  Citizen  Thenars,  becomes 
pyrophoric,  and  inflames  fpontaneoufly  in  the 
air,  when  dried  with  a gentle  heat. 

4b.  The  fulphuretof  antimony  is  very  well, 
and  accurately  decompofed  by  a mixture  of 
three  parts  of  muriatic  acid,  and  one  part  of 
nitric  acid.  The  metal  is  completely  diffolved 
and  the  fulphur  remains  alone,  provided  we 
employ  a fufficient  quantity  of  the  folvent, 
and  caufe  it  to  boil  flightly  towards  the 
end.  When  the  action  of  this  is  terminated, 
0,2b  of  pure  fulphur  are  obtained.  During  the 
folution  a ftrong  fmell  of  fulphurated  hidrogen 
gas  is  difengaged  ; and  neverthelefs,  according 
to  the  obfervation  of  Bergman,  who  gives  this 
procefs  as  a means  of  affaying  the  fulphuret  of 
antimony,  we  obtain  lefs  of  this  gas  by  the 
nitro-muriatic  acid  than  by  the  muriatic  ; this 
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mamfeitîy  depends  upon  tlie  circum  (lance  that 
the  nitric  acid  decompofes  and  burns  it. 

4 7.  The  fame  mixed  acid  eafily  attacks  the 
fulphurated  and  hidro-fulphurated  oxides,  dif- 
folving  the  oxide  and  feparating  the  fulphur  ; 
fulphurated  hidrogen  gas  is  difengaged  from  all 
thefe  folutions  ; but  Bergman  obferves  that 
that  of  the  hidro-fulphurated  oxide,  made  with 
equal  parts  of  fulphur  and  of  oxide,  gives 
the  greateft  quantity  ; I (hail  occupy  myfelf 
more  in  detail  with  this  adlion  in  the  fubfe- 
quent  numbers. 

48.  We  do  not  know  the  adlion  of  the  other 
acids  upon  antimony,  its  fulphuret  and  its  ful- 
phurated oxides  ; we  have  likewife  no  know* 
ledge  of  that  which  might  be  exerted  by  the 
phofphoric,  the  fluoric,  the  boracic,  the  car- 
bonic, or  by  the  four  metallic  acids.  It  is 
even  difficult  to  combine  moft  of  thefe  acids 
by  way  of  double  attraction,  with  the  oxide 
of  antimony  united  with  their  acids,  fmce,  as 
we  have  feen,  there  are  but  few  of  thefe  per- 
manent folutions  which  can  be  employed  for 
that  purpofe.  However  as  water  alone  renders 
the  muriatic  folution  turbid,  which  is  the  moft 
permanent  of  all,  the  acids  which  accompany 
this  precipitating  water  frequently  unite  with 
the  precipitated  oxide.  In  this  manner  the 
fulphureous  acid  forms  a fulphite  of  antimony 
when  it  is  poured  into  the  muriate  of  this  me- 
tal, not  becaufe  it  takes  away  the  oxide  from 
this  acid,  but  becaufe  it  unites  with  it  only 
at  the  moment  when  the  water  feparates  it. 
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It  is,  therefore,  probable  that  even  in  the 
cafe  of  double  attraction,  the  phofphoric, 
fluoric,  boracic,  and  carbonic  acids  may  be 
combined  with  this  oxide,  at  the  moment 
when  they  are  poured  diffolved  in  water  upon 
the  muriatic  folution  of  antimony.  It  will, 
therefore  be  practicable  by  preparing  them  by 
means  of  this  procefs,  to  obtain  and  examine 
thefe  antimoniated  faits,  which  have  not  yet 
been  examined,  though  they  well  defer ve  it, 

I À (lion  of  the  Salifiable  Bafes  and  the  Salts. 

49.  None  of  the  earthy  or  alkaline  falida- 
ble  bafes  exert  any  fenfible  adlion  upon  antk 
mony.  Its  oxide  only  has  the  property  of 
uniting  with  the  earths  during  their  vitrifica- 
tion, and  of  imparting  to  them  a yellow  colour, 
more  or  lefs  of  an  orange  caff  or  approaching 
to  the  hyacinth  colour.  It  unites  in  a more 
direct  manner  with  the  pure  or  eauftic  alkalis, 
which  render  it  more  foluble,  and  form  with  it 
a kind  of  cryftallizable  fait,  foluble,  and  decom- 
pofable  by  the  powerful  acids  ; fo  that  it  then 
appears  to  act  the  part  of  an  acid  ; wre  ihall  foon 
have  another  occafon  to  fpeak  more  at  large 
concerning  thefe  faits. 

50.  All  the  alkaline  fubftances  exert  a very 
marked  aCtion  upon  antimony.  By  means  of 
this  action,  two  principal  medicines  are  pre- 
pared, which  have  much  occupied  chemifts,  the 
one  under  the  name  of  Kermes  mineral,  the 
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other  under  that  of  fulpliur  auratum.  In  or- 
der to  underhand  the  theory  and  the  nature 
of  thefe  remarkable  compounds,  which  form 
one  of  the  mo ft  fmgular  points  in  the  hiftory  of 
antimony,  I niuft  firft  remark,  that  every  pure 
alkaline  lubftance,  from  barites  to  ammonia, 
has  more  or  lefs  the  property  of  dilfolving  the 
fulphuret  of  antimony  ; that  this  folutioiv 
made  in  the  dry  way,  and  by  means  of  fufion, 
forms  antimoniated  alkaline  fulphurets  ; that 
thefe  fulphurets  decompofe  water  with  much 
energy  ; that  the  water  which  is  fo  often  united 
with  the  alkaline  fubftances,  is  fuffieient  for 
converting*  its  fulphurets  into  hidro-fulphurated 
fulphurets  ; that  in  this  change,  whether  it  be 
made  at  the  very  moment  of  the  fufion,  or  take 
place  only  after  the  fufion,  and  be  owing  then 
to  the  water  which  is  added,  or  to  that  which 
thefe  compounds  abforb  from  the  atmofphere, 
the  oxigen  of  the  water  feizes  upon  the  anti- 
mony which  it  oxidates  ; that  its  hidrogen 
unites  with  a portion  of  fulphur,  and  that  there 
refults  from  the  fimultaneous  combination  of 
the  oxide  of  antimony,  of  the  alkaline  fulphuret, 
and  of  the  fulphurated  hidrogen,  a complicated 
compound,  an  alkaline  and  antimoniated  hidro- 
fulphurated  fulphuret,  remaining  at  fir  ft  in  an 
equilibrium  of  competition,  but  foo.n  lofmg 
this  equilibrium  when  we  attempt  to  dilfolve 
it  in  boiling  water.  In  this  latter  cafe,  if  there 
be  a fuffieient  quantity  of  alkali,  the  whole  is 
^liffolved  with  the  aid  of  heat  ; but  the  folution 
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becomes  turbid  ns  it  cools,  and  is  divined  into 
two  fubftances,  one  of  which  deponts  itiell  in 
the  form  of  a red,  or  brown-red  powder,  which 
is  termed  in  general  Kermes,  and  is  the  hidro- 
fulphurated  oxide  of  antimony  ; and  the  other, 
which  remains  diffolved,  is  ftill  an  alkaline  and 
antimoniated  hidro-fulphurated  fulphuret,  but 
containing  a little  more  fulphur,  and  lefs  oxide 
of  antimony  than  the  firft  of  thefe  compounds. 

51.  This  reparation  into  two  new  products, 
which  confiant ly  takes  place  in  the  folution  of 
the  antimoniated  and  hidro-fulphurated  alkaline 
fulphuret,  depends  upon  the  circumftance, 
that  the  alkali,  at  leaft,  unlefs  it  be  very 
abundant,  cannot  in  the  cold  retain  all  the  ful- 
phur ated  oxide  of  antimony  which  it  holds  in 
the  heat  ; and  that  which  is  depofited  in  the 
form,  and  under  the  name  of  Kermès  mineral, 
is  in  fadf,  fulphurated  and  hidro-fulphurated 
oxide  of  antimony.  However,  the  portion  of 
antimoniated  fulphuret  which  the  liquor  ftill 
retains,  differs  from  that  which  is  fpontaneoufly 
precipitated  by  cooling,  by  its  containing 
more  of  fulphur  and  lefs  of  oxide  of  antimony. 
Thus  the  entire  mafs  of  this  compound  divides 
itfelf  naturally  into  two  different  portions  ; 
the  one  more  antimoniated  and  lefs  fulphurated, 
which  cannot  be  kept  in  folution  in  the  cold, 
and  which  is  depofited  in  a brown  powder  or  in 
Kermes  ; the  other  lefs  antimoniated  and  more 
fulphurated,  which  remains  in  folution  ; which 
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is  feparated  only  by  the  addition  of  the  acids, 
with  a lefs  deep  colour  than  the  preceding,  ap- 
proaching more  or  lefs  to  the  orange,  and 
which  is  known  by  the  name  of  Sulphur  Aura-» 
turn.  This  alfo  may  be  divided  into  different 
hidro-fulphurets  lefs  and  lefs  antimoniated,  and 
more  and  more  fulphu rated,  accordingly  as  its 
precipitation  is  graduated,  by  employing  only 
by  degrees  the  acid  neceffary  for  feparating  the 
alkali.  Hence  the  fulphura  aurata  of  the  firft, 
the  fécond  and  the  third  precipitation,  lefs  and 
lefs  of  an  orange  colour,  and  more  and  more 
pale,  the  lafb  of  which  is  fcareely  any  thing 
but  fulphur. 

It  is  neceffary  now  to  defcribe  the  particular 
aHion  of  each  of  thefe  bafes,  or  at  lead,  of  thofe 
which  exert  a remarkable  addon  upon  the  fui» 
phuret  of  antimony. 

52.  Barites,  ftrontian,  and  lime  diffolve  the 
fulphuret  of  antimony  fendbly,  though  in  little 
abundance.  It  is  fufficient  to  agitate  the  cold 
folution  of  thefe  bafes  with  this  fulphuret  in 
the  date  of  powder  for  fome  moments,  in  order 
that  thefe  liquors  when  filtrated,  may  yield  by 
the  acids  a precipitate  of  pale  hidro-fulphurated 
oxide  of  antimony,  or  of  fulphur  auratum  * 
but  there  is  not  a fufficient  quantity  of  oxide 
of  antimony  formed  and  diffolved  for  real 
kermes  to  be  depofited  without  the  addition 
of  acids.  It  is  very  evident,  that  by  the 
mere  contadt  of  thefe  alkaline  or  earthy  foin- 
fions,  a finall  portion  of  the  antimony  is  here. 
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oxidated  by  the  decompofition  of  the  water, 
and  a portion  of  the  fulphurated  hidrogeix 
united  with  the  oxide  that  has  been  formed. 

33.  The  fixed  alkalis,  cauftic  or  pure,  and 
folid,  pdt-aili  and  foda,  faturated  in  a mortar 
with  fulphuret  of  antimony,  become  fbftened, 
afl’ume  a green  colour,  and  form  a loft  mais, 
of  a fetid  odour,  by  abforbing  a fmall  quan- 
tity  of  atmofpheric  water.  If  we  afterwards 
Peep  this  inafs  in  hot  water,  it  diflblves  and 
depofits  by  cooling  a little  Kertnes , and  after- 
wards by  the  acids  fulphur  auratum . Am- 
monia does  not  abt  near  fo  powerfully  upon  the 
fulphuret  of  antimony  as  the  fixed  alkalis  do 
in  the  col^d  ; in  heat  it  alfo  abts  very  little,  be- 
caufe  the  caloric  volatilizes  the  ammonia  fooner 
than  it  favours  its  folvent  action  upon  the  ful- 
phuret. 

5 4.  It  is  not  by  this  fimple  mixture,  this 
fimple  trituration,  and  by  the  foie  abtion  of  the 
alkalis  in  the  cold,  that  the  fubttances  termed 
Kermes  mineral  and  fulphur  auratum , or  the 
brown  and  orange-coloured,  more  or  lefs  hidro- 
fulphurated  oxides  of  antimony  are  prepared 
for  pharmaceutical  ufes.  The  hiftory  and  the 
examination  of  the  procefles  of  their  prépara-^ 
tion  ought  here  to  precede  the  examination  of 
their  nature.  In  the  firft  years  of  the  eighteenth 
century,  a perfon  of  the  name  of  Simon,  a 
brother  apothecary  amongft  the  Chartreux  of 
Paris,  employed  this  medicine  under  the  name 
of  Kermes  Mineral , and  gave  it  confiderable 
3 cele- 
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Celebrity  by  the  cures  which  he  afferted  he  had 
performed  with  it  amongft  the  religious  of  that 
convent.  This  is  the  reafon  why  this  com- 
pound was  fir  ft  called,  for  feme  time,  the 
Poudre  des  Chartreux.  Though  the  difeoverv 
of  this  medicine  was  really  owing  to  Glauber, 

4/0  y 

who  prepared  it  with  the  fulphuret  of  anti- 
mony and  the  liquor  of  nitre  fixed  by  the  char- 
coal  ; though  the  invention  may  alfo  be  affigned 
to  Lemery,  who  had  deferibed  it  under  another 
name  in  his  Treatife  concerning  Antimony,  it 

was  introduced  into  the  world  as  a new  remedy. 

«/ 

Brother  Simon  faid  he  had  his  compofition  from 
a furgeon  of  the  name  of  La  Ligerie,  who  had 
himfelf  received  it  from  one  M.  Chaftenay  of 
Landau,  and  he  owed  it  to  an  apothecary,  a 
pupil  of  Glauber.  The  fame  of  its  good  effedls 
induced  government  to  purchafe  it.  Dodart, 
fil'd  Phyfician  to  the  King,  applied  to  La  * 
Ligerie  to  publifli  the  receipt  of  the  Kermes 
Mineral  ; and  it  was  aélually  made  public  in 
the  year  1720.  The  procefs,  much  inferior  to 
that  of  Lemery,  conlified  in  boiliim  for  the 
fpace  of  two  hours,  eight  parts  of  rain-water 
with  one  part  ot  the  liquor  of  nitre  fixed  by 
charcoal  and  four  parts  of  fulphuret  of  anti- 
mony broken  into  fmall  fragments,  filtrating 
the  boiling  liquor,  boiling  again  upon  the 
fame  fulphuret  a fourth  lefs  of  the  alkali  of 
nitre  than  the  firfit  time,  diffolved  in  eight  parts 
of  rain-water,  and  a third  time  one  half  of  the 
fame  alkali  with  the  fame  quantity  of  water, 
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always  upon  the  fame  fulphuret  ; the  three 
decoctions  being  mixed  together  were  filtrated, 
and  depofited  by  cooling  a brown  red  powder 
or  kermes,  which  was  wafhed  with  water  till 
it  pafTed  off  infipid  ; the  powder  was  dried,  ah 
coho!  was  burned  upon  it,  and  it  was  carefully 
triturated  for  ufe.  This  procefs,  which  is  very 
ill-contrived,  and  very  tedious,  affords  but 
very  little  kermes,  at  molt  a fortieth  part  of 
the  weight  of  the  fulphuret  of  antimony  that 
has  been  employed.  It  was  particularly  faulty, 
on  account  of  the  frnall  quantity  of  alkali  em- 
ployed, which  was  very  far  from  being  fuffi- 
cient  for  the  proportion  of  fulphuret  of  anth 
mony  that  was  taken.  Accordingly,  the  apothe- 
caries never  followed  it,  when  this  compound 
became  fufficiently  known  to  be  a very  com- 
mon medicine. 

55.  Lemery  the  younger,  having  claimed 
the  difcovery  of  this  antimonial  preparation, 
for  his  father,  from  the  Academy  of  Sciences, 
his  procefs  was  generally  adopted  and  pradtifed 
in  the  laboratories  of  pharmacy,  where  the 
kermes  mineral  was,  and  hill  is  prepared  in  one 
or  other  of  the  two  following;  wavs.  In  the 

CD 

dry  way,  are  taken  fixteen  parts  of  fulphuret 
of  antimony,  eight  parts  of  alkali  or  tartar, 
and  one  part  of  fulphur  ; thefe  three  fubfiances 
are  well  mixed  by  trituration  ; they  are  fufed 
in  a crucible  ; the  mats  when  well  fufed,  is 
poured  into  an  iron  mortar  ; it  is  coarfely  pul- 
verized when  it  has  cooled;  then  boiled  in  a 
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iüfficîent  quantity  of  water,  and  the  liquor  being 
filtrated  through  grey  paper,  pafles  clear  and 
with  a flight  orange  tinge,  with  fcarcely  any 
other  fmell  than  that  of  the  lixivium  ; in  pro- 
portion as  it  cools  there  feparates  from  it  a 
powder  of  à beautiful  brown- red  colour,  or 
kerines,  in  great  abundance,  which  is  fir  ft 
wafhed  in  cold  water,  and  afterwards  in  boiling 
water,  then  well  dried,  pulverized,  and  pallet  1 
through  a filk  fieve. 

The  kermes,  by  the  humid  way,  is  prepared 
m the  following  manner.  In  twenty  parts  of 
water  are  boiled  fix  parts  of  fixed  alkali,  the 
pure  pot-afh  of  commerce  ; into  the  boiling 
liquor  is  thrown  about  one  twentieth  part  of 
the  weight  of  the  alkali  of  pulverized  fulphuret 
of  antimony  ; this  mixture  is  well  agitated,  it 
is  fuffeied  to  boil  for  leven  or  eight  minutes, 
and  filtrated  ; the  liquor  depofits  in  cooling  a 
large  quantity  of  red  powder,  or  kermes,  which 
is  well  wafhed.  By  either  of  thefe  procédés, 
nearly  three  quarters  of  the  weight  of  the  ful- 
phuret of  antimony  employed  is  obtained  in 
kermes. 

56.  In  both  thefe  operations,  all  the  ful- 
phuiet  of  antimony  treated  by  the  alkali  is  not 
converted  into  kermes  mineral,  and  it  has  been 
remaiked  that  the  refidue,  efpecially  that  of  the 
humid  way,  contains  fcarcely  any  morefulphur, 
and  that  by  fufing  it  in  a crucible,  it  yields  anti» 
mony  almoft  pure*  lienee  it  muft  be  con- 
cluded, that  the  alkali  diffolves  the  fulphur 
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almoft  entirely,  and  that  it  oxides  only  the 
portion  of  antimony  which  it  di  ho  Ives  at  the 
fame  time  as  the  fulphur,  The  liquors,  which, 
in  both  operations,  fwim  above  the  kermes 
mineral,  or  the  mother  waters  which  ftill  con- 
tain oxide  of  antimony  dilfolved  in  the  alkaline 
hidro-fulphuret,  may  be  precipitated  by  the 
acids,  which  firft  feparate  from  it  deep-coloured 
hidro-fulphurated  oxide  of  antimony,  containing 
a,  large  quantity  of  antimony,  and  afterwards 
an  hidro-fulphurated  oxide  more  and  more 
pale,  tels  and  lefs  antimoniated,  and  approach- 
ing at  laft  to  the  ftate  of  fulphur.  We  have  a 
proof  that  exaéily  the  fame  feries  of  phenomena 
take  place  as  were  indicated  above,  Nos.  50 
and  51  ; namely,  that  the  alkali,  by  dilTolving 
the  fulphuret  of  antimony,  favours  the  dccom- 
pofition  of  the  water,  caufes  its  oxigen  to  feize 
the  antimony  which  becomes  oxidated  in  dif- 
ferent degrees,  and  its  hidrogen  to  feize  a por- 
tion of  the  fulphur  ; that  it  retains  the  ful- 
phurated  and  hidro-ftilphurated  oxide  of  anti- 
mony ; and  that  it  effects,  by  cooling,  a fort 
of  divifion  of  the  products,  one  of  which  is  in 
the  ftate  of  hidro-fulphurated  brown  oxide  of 
antimony,  which,  being  furcharged  with  metal 
oxidated  to  the  brown  hate,  with  relation  to  the 
whole  mais,  abandons  the  folution,  and  is  de- 
ported in  the  form  of  kermes  mineral,  and  the 
other,  in  the  ftate  of  hidrogenated  fulphuret  ot 
ounge-coloured  oxide  of  antimony,  remains  in 
folution  in  the  alkaline  liquor.  We  have  a 
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proof  of  the  real  exiftence  of  thefe  phenomena, 
even  in  the  property  which  the  riiotller- water 
polfeifes  of  re-dilfolving  the  keftnes,  when  we 
heat  it.  But  it  is  to  be  obferved,  that  in  the 
fécond  precipitation  which  accompanies  the 
cooling  of  this  folutioti,  another  divifion  is 
made  in  the  hidro-fulphurated  oxide  of  anti» 
mony,  for  this  fecoiid  precipitate  has  another 
colour,  fome  different  properties,  and  efpecially 
appears  to  contain  other  proportions  in  its  prin*- 
ciples  than  the  firffc. 

57-  Before  we  were  able  to  explain  the 
theory  of  the  operation  of  the  kermes,  which 
I have  juft  prefented,  the  hiftory  of  the  fcience 


exhibited  a leries  of  fruîtlefs  refearches  and  la- 


bours relative  to  the  nature  of  this  fingular 
compound.  Geoffroy  is  the  firft  chemift  who 
has  occupied  himfelf  with  the  analyfis  of  the 
Kermes  : he  pretended  that  72  parts  were  com-  - 
poled  of  17  of  metal,  14  of  alkali,  and  41  of 
fulphur.  It  is  evident  that  Geoffroy  had  exa- 
mined only  ill- walked  kermes  ; for  all  the  clie- 
nt i its  who  fmce  him  have  operated  upon  this 
fubftance  have  found  no  alkali  in  it,  or  have 
found  in  it  only  particles  that  had  efcaped  from 
the  lixiviation.  Bergman,  in  his  very  intereft- 
ing  dilfertation  on  the  fulphurated  arttlmonials, 
has  committed  errors,  and  has  fallen  into  con- 
tradictions relative  to  the  nature  and  compe- 
tition of  this  fubftance,  which  are  aflonifhing 
when  we  confider  the  ability  of  the  author.  In 
one  place  in  his  work  (Experiment  30.)  he 
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fays,  that  an  hundred  parts  of  kermes  have 
yielded  him,  by  the  muriatic  acid,  0,52  of  white 
antimonial  powder,  and  that  he  could  not  col- 
left  more  than  0,08  of  fulphur,  without  fpeak- 
ing  of  the  0,40  of  matter  loft  in  this  inaccurate 
analyfis.  It  is  true  that  he  fays  elfewhere,  that 
he  obtained  from  the  fame  weight  of  this- 
compound  fifteen  cubic  inches  of  fulphurated 
hidrogen  gas  ; but  this  produft  does  not 
fupply  the  deficiency  of  0,40.  Befides,  he  af- 
firms, that  an  hundred  parts  of  kermes  don- 
tain  0,52  of  metal  (we  have  juft  feen  that  thefe 
0,52  were  white  oxide  of  antimony,  and  not 
metal),  and  0,48  of  fulphur  i but  he  had  laid, 
a little  before  that,  that  he  had  not  been  able  to 
colleft  more  than  0,08.  Hence  we  may  con- 
clude, that  the  analyfis  of  the  kermes  mineral 
was  not  yet  well  performed  by  Bergman..  It  is 
known  that  this  compound  fufes  into  liver 
of  antimony , or  opaque  vitreous  fulphurated 
oxide;  that,  when  treated  by  the  muriatic  acid,  it 
lofes  its  colour,  affords  fulphurated  hidrogen 
gas  ; and  that  it  is  foluble  in  the  alkaline  fulphii- 
rets  and  hidro-fulphurets.  Citizen  Berthollet, 
by  defcribing  it  as  a hidro-fulphuret  of  oxide 
of  antimony,  has  given  a much  more  accurate 
notion  of  it  than  thofe  which  had  been  pre- 
fented  before  him. 

58.  Citizen  Thenars,  in  his  refearches 
concerning  the  oxides  of  antimony,  lias 
put  the  la  ft  hand  to  this  work.  From  his 
analyfis  of  , different  antimonial  preparations 
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compared  with  each  other,  feveral  new  truths 
refult,  which,  whilft  they  eftablifh  the  fir  ft 
truths  announced  by  Citizen  Berthollet,  give 
them  a precifion  which  they  did  not  before  pof- 
fefs.  According  to  Citizen  Thenars,  kermes 
is  only  a brown  oxide  of  antimony,  united  with 
fulphurated  hidrogen,  and  a fmall  quantity  of 
fulphur.  Its  difference  from  the  fulphur  auratum 
confifts  lefs  in  the  proportion  of  the  fubftances 
than  in  the  ftate  of  the  oxide.  In  the  latter, 
the  oxide  of  antimony  is  orange- coloured  in- 
ftead  of  being  brown  : it  is  to  this  varied  hate 
of  the  oxide  that  thefe  compounds  owe  their 
difference  of  colour.  They  are  foluble  in  the 
alkaline  hidro-fulphurets,  and  not  in  the  alka- 
lis. Finally,  the  kermes  adfs  upon  the  air,  de- 
prives it  of  oxigen,  analyzes  it  as  an  eudiometri- 
cal  inftrument,  becoming  pale  in  proportion  as  it 
is  more  and  more  oxidated,  and  at  laflit  becomes 
white  altogether.  Citizen  Thenars  has  found, 
by  a careful  and  laborious  analyfis,  for  which  he 
was  obliged  to  re- analyze  the  fulphuric  acid, 
the  fulphate  of  barites  and  the  fulphurated  hi- 
drogen, that  kermes  mineral  contains. 

72,7b 0 brown  oxide  of  antimony  ; 

20,298  fulphurated  hidrogen  ; 

4,1 56  fulphur  ; 

2,786  lofs  in  water,  &c. 

The  Sulphur  Auratum  contains  ; 

68,300  orange-coloured  oxide  of  antimony; 
17,877  fulphurated  hidrogen  ; 

1 1 to  12,000  fulphur. 
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Thefe  new  refults  agree  with  the  ancient 
experiments,  the  theory  of  which  had,  not  be« 
fore  been  comprehended® 

Kermes  is  prepared  immediately  by  the  mix» 
ing*  of  a muriatic  folution  of  antimony  and  of 
liidrogenated  fulphuret,  or,  hill  better,  of  hi-? 
dro-fulphuret  of  pot-afh:  this  mixture  fuddenly 
affords  a precipitate  of  a brown-red  colour,  be- 
caufe  as  the  hidrogen  takes  away  a little  oxi- 
gen  from  the  white  oxide  before  it  precipitates 
it.  It  is  alfo  formed  by  expofing  white  oxide  of 
antimony,  wet,  or  fleeped  in  water,  to  the  contact 
of  fulphurated  hidrogen  gas,  and  according  to 
the  fame  theory.  As  to  the  procefs  by  which 
Bergman  imagined  he  had  formed  kermes,  by 
fufing,  or  rather  by  foftening  together  equal 
parts  of  fulphur  and  of  oxide  of  antimony, 
prepared  by  nitre  (No.  29*)  it  is  very  evident 
that  this  is  not  a real  kermes  ; for  it  does  not 
contain  a fufficient  quantity  of  hidro-fulphuret 
to  conftitute  it  fuch  : it  is  only  a fufed  ful- 

f » * 

phurated  oxide  of  antimony. 

59»  What  I have  here  explained  concerning 
the  hidro- fulphurated  brown  oxide  of  antimony] 
or  kermes , of  which  I have  been  obliged  to 
modify  the  firft  denomination  of  the  methodic 
cal  nomenclature,  on  account  of  the  difeove- 
ries  of  Citizens  Berthollet  and  Thenars,  rela- 
tive  to  the  prefence  of  fulphurated  hidrogen, 
and  of  the  different  oxides  of  antimony, 
which  determine  its  real  nature,  proves,  that 
jin  order  to  make  an  ex  aft  analyfis,  it  was 
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îieceffary,  after  having  eftimated  the  proportion 
of  fulphurated  hidrogen  that  is  difengaged  from 
it  by  the  action  of  the  acids,  to  determine  that 
of  the  fulphur,  by  burning  it  completely  by 
means  of  the  nitric  or  oxigenated  muriatic 
acid,  and  by  precipitating  the  fulphuric  acid 
thus  formed  by  the  nitrate  or  muriate  of  barites,, 
and  that  of  the  oxide  of  antimony,  by  dif- 
folving  it  in  the  muriatic  acid,  and  précipita*» 
ting  it  with  water.  I muft  allb  obferve  on  this 
occafion,  that  the  acids  cannot  ferve  to  ana* 
lyze  the  hid ro-fulphu rated  oxide  of  antimony 
by  (imply  feparating  the  fulphur,  and  diffolvingv 
its  oxide,  as  has  been  believed  ; for  in  this 
operation,  the  fulphur  always  retains  a portion  of 
oxide  of  antimony.  I muft,  moreover,  obferve, 
that  this  hidro-fulphurated  oxide  does  not  yield 
fulphurated  hidrogen  gas  by  the  aétion  of 
(ire,  and  that  its  hidro-fulphuret  appears  to  be 
decompofed  during  its  fufion  into  vitreous  ful- 
phurated oxide.  Finally,  I (hall  remark,  that 
there  appear  to  be  different  hidro-fulphurated 
oxides  of  antimony,  varying  in  the  proportion 
of  their  principles,  according  to  a multitude 
of  different  circumstances  that  accompany  their 
formation. 

60.  When  the  nature  of  thefe  hidro-fulphu- 
rated oxides  of  antimony  has  been  well  compre- 
hended, that  of  the  fulphur  auratum  will  be 
equally  comprehended.  Being  more  foluble  in 
the  alkaline  fulphurets  than  the  firft,  they  are 
fcparated  and  obtained  from  them  only  by  de** 
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poling  tlieir  folutions  by  the  acids  : they  con» 
tain  more  fnlpliur,  lefs  oxide  of  antimony,  and 
this  oxide  lefs  oxided  than  the  kermes  ; they 
vary  amongft  themfelves  according  to  the  mode 
of  their  preparation,  and  the  proportions  of 
their  principles  are  very  different.  In  order  to 
obtain  a confiant  proportion,  Goetling  has 
propofed  the  following  procefs  : mix  well  two 
parts  of  fulphuret  of  antimony,  reduced  to  a 
very  fine  powder,  vdth  three  parts  of  fulphur  ; 
diffolve  them  in  a boiling  ley  of  cauftic  alkali  ; 
filtrate,  dilute  the  folution  with  water,  preci- 
pitate it  *by  the  diluted  fulphuric  acid  : in  this 
manner  are  obtained  nearly  4-f-  parts  of  an  hidro- 
fulphurated  fulphuret  of  antimony,  fimilar  to 
that  which  is  obtained  by  the  third  precipi- 
tation of  the  mother  waters  of  the  hidro-ful- 
phurated  brown  oxide  of  antimony.  Bergman 
obier ves  juftly  concerning  this  procefs,  that  it 
is  preferable  to  that  which  is  generally  praétifed. 
in  order  to  obtain  it  ; that  the  proportion  of  its 
principles  may  alfo  be  varied,  according  to  that 
of  the  fulphur  which  is  added  at  the  option  of 
the  phyfician,  who  will  then  know  what  he 
iliall  pofitively  employ. 

61.  I fhall  conclude  this  account  of  the  pro- 
perties of  the  fulphurated  and  hidro-fulphurated 
oxides  of  antimony,  by  obier ving,  that  thefe 
compounds,  whether  we  form  them  by  immediate 
fufion  with  the  metallic  oxide  and  the  fulphur,  or 
obtain  them  by  the  immediate  union  of  the  anti- 
moniated  folutions  with  the  alkaline  hidro-ful- 
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phurets,  or  whether  they  be  the  pro  du  61:  of  the 
afiion  of  the  muriatic  acid  upon  the  fulphuret 
of  antimony,  or  that  of  the  adtion  of  the  alkalis, 
always  fhow  a more  feeble  adhefion,  a lefs  in- 
timate combination  between  the  molecules  of 
the  oxide  of  antimony  and  the  molecules  of 
fulphur,  than  there  exifts  in  the  fulphuret  of 
antimony;  forthefe  fubftances  are  more  decom* 
pofable,  fmce  merely  a long  expofure  to  the  air 
is  fufficient  to  alter  them,  and  thev  aifume  the 

* J 

vitreous  chaadl  er  in  the  fire.  The  prefence  of 
the  fulphurated  hidrogen  which  brings  them  to 
the  flate  of  fulphurated  hidro-fulphurets,  and 
of  triple  compounds,  is  the  caufe  of  this  fmaller 
adhefion  between  their  molecules,  as  the  fre- 
quently larger  proportion  of  fulphur  is  its 
effedl. 

6%.  Amongft  the  faits  there  is  no  clafs  which 
is  not  fufceptible  of  being  in  fome  meafure 
altered  by  antimony  and  its  fulphuret,  and 
which  does  not  at  the  fame  time  change  the  na- 
ture of  thefe  bodies.  Monnet  is  the  hrft  who 
has  defcribed  the  aélion  of  antimony  upon  the 
fulphates  of  pot-a'fh.  By  filling  in  a crucible 
one  part  of  this  fait,  and  half  a part  of  anti- 
mony, the  metal  difappeared  ; a mafs  is  ob- 
tained, feemingly  vitrified  or  fritted,  and  cauf- 
tic,  which  is  an  antimoniated  fulphuret  of  pot- 
afh,  and  which,  when  diffufed  in  hot  water, 
yields  hidro-fulphurated  oxide  of  antimony  by 
cooling.  The  antimony  has,  therefore,  taken 
oxigen  from  the  fulphuric  acid,  and  has  united 
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in  the  hate  of  oxide  with  the  fulphuret  of  pot- 
&fh  which  has  been  formed.  The  contact  of 
the  water,  by  its  decompofition,  has  quickly 
hidro-fulphuvated  this  antimoniated  alkaline 
fulphuret  ; fo  that  its  hot  lolution  has  become 
fufceptible  of  feparating  itfelf  into  two  por- 
tions ; the  one  highly  antimoniated,  which  is 
fpontaneoufly  precipitated  in  the  brown  ftate  ; 
the  other  more  fulphurated,  which  has  remained 
diffolved.  There  is  no  room  to  doubt  that 
moft  of  the  fulphates,  and  even  of  the  earthy 
and  alkaline  fulphites,  would  experience  the 
fame  change  from  the  adiion  of  antimony. 
The  fulphuret  and  pure  oxide  of  this  metal,  on 
the  contrary,  produce  no  kind  of  alteration 
upon  them. 

65.  The  nitrates  are  a]l  capable  of  burn- 
ing antimony  and  its  fulphuret,  by  heat,  or 
in  a red  heat,  more  or  lefs  violently  and  com- 
pletely, according  to  the  quantity  of  them 
that  is  employed.  This  addon  has  been  made 
ufe  of  in  order  to  prepare,  with  the  aid  of  the 
nitrate  of  pot-afli,  the  fpecies  of  the  genu§ 
which  is  preferred,  as  we  have  feen  upon  a for? 
mer  occafion,  a great  number  of  different  an? 
iimoniated  preparations,  of  which  I ihali  here 
mention  the  principal  A mixture  of  two  or 
three  parts  of  this  fait,  and  one  part  of  fine 
powder  of  antimony,  well  pounded  in  a mpr- 
tar,  detonates  firongly  whether  we  place  it 
in  contact  with  ignited  combuftible  fubfiances, 
or  throw  it  into  a red-hot  crucible,  or  heat 
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ît  to  rednefs  in  a clofe  crucible.  This  latter 
method  is  preferable  to  the  two  fir  ft,  which,  by 
admitting  the  contact  of  the  air,  occafion  a 
lofs  of  a great  part  of  the  product  of  the  ope- 
ration, for  it  is  known  that  antimony  is  volati- 
lized by  a ftrong  heat.  The  detonation  is  ac- 
companied  with  a very  lively  white  flame  ; the 
antimony  is  flrongly  and  completely  oxided  by 
the  oxio'en  of  the  nitre,  which  is  itfelf  decom- 
pofed  and  reduced  to  its  alkaline  bale.  The 
refidue  of  this  detonation  is  a white  mafs,  fco- 
rifled,  which,  when  wafhed  with  water,  leaves 
a portion  of  the  oxide  of  antimony  united  with 
a fmall  portion  of  pot-alh,  and  gives  another 
combined  with  much  more  alkali,  and  dilfolvcd 
like  a fpecies  of  fait,  in  which  the  oxide  fee  ms 
to  perform  the  fun&ion  of  an  acid.  The  oxide 
prepared  in  this  manner  was  formerly  termed 
diaphoretic  antimony  by  the  r eg  ulus.  The  un- 
diffolved  portion  of  oxide  of  antimony  was 
confidered  as  a pure  oxide  ; but  Citizen  The- 
nars has  difcovered  that  it  retains  a portion 
of  pot-afh  which  conftitutes  about  a fifth  of  it, 
and  that,  in  confequence,  the  product  of  the 
detonation  of  the  nitre  and  of  the  antimony^ 
is  divided  into  two  parts  by  waffling  ; namely, 
into  a fpecies  of  antimoniated  pot-alh  which  is 
diflolved,  and  a fort  of  infoluble  antimonite  of 
pot-afh. 

64.  This  preparation  is  more  frequently 
made  with  thefulphuret  of  antimony  than  with 
the  metal,  becaufe,  as  has  already  been  fo 
often  remarked,  this  fulphuret  has  been  much 
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more  employed  than  the  metal  itfelf.  Three 
parts  of  nitre,  and  one  of  fulphuret  of  anti- 
mony, well  triturated  together,  placed  in  an 
iron  mortar,  and  touched  with  an  ignited  coal, 
inflame  and  continue  to  bum  with  emiffion 
of  fparks,  much  a&ivity,  and  very  abundant 
white  vapours,  till  the  mixture  is  entirely  con- 
verted into  a mais  of  a yellowifh  colour,  half* 
fufed  or  fcorified,  which  retains  for  fome  time 
the  rednefs  of  the  ignition,  and  cools  flowly. 
The  quantity  of  nitre  which  is  employed  in 
this  experiment,  and  the  force  of  the  com  bul- 
lion which  it  excites  on  account  of  the  pro- 
portion of  oxigen,  burns  the  fulphur  and 
changes  it  into  acid,  as  alfo  the  antimony  which 
is  found  completely  oxidated.  The  produft; 
confifts  of  fulphate  of  pot-alh,  a little  nitre 
efcaped  from  the  detonation,  oxide  of  antimony 
united  with  the  pot-alh  ; and  it  is  fufceptible  of 
being  divided  into  two  compounds  by  the  ac- 
tion of  water,  as  is  done  with  the  produ6t  of 
the  combuftion  pf  pure  antimony  by  nitre. 
Th  is  niafs  was  termed  in  Pharmacy,  fohent  of 
Kotrou , or  diaphoretic  antimony  not  wajhed. 
When  it  is  thrown  into  hot  water,  it  dilutes; 
the  faits  and  a part  of  the  oxide,  united  with 
the  pot-aih,  dilfolve  in  it  ; the  greater  part  of 
the  oxide  combined  with  one  fifth  of  pot-alh, 
remains  at  the  bottom  of  the  water,  in  a 
white,  infoluble  and  almofl  infipid  powder. 
After  it  has  been  well  waflied  and  cleaned,  it 
is  formed  into  malles,  dried,  and  kept  under 
the  name  of  readied  diaphoretic  antimony . The 
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water  of  the  lixiviation,  which,  befides  the 
nitre  which  is  not  decompofecl,  but  reduced  to 
the  ftate  of  nitrite,  and  the  fulphate  of  pot- 
afh,  contains  ftill  a portion  of  oxide  of  anti- 
mony united  with  this  alkali  in  the  ftate 
of  a fait,  may  be  decompofed  by  the  acids, 
which  form  in  it  a precipitate  of  white  oxide, 
termed  cerufs  of  antimony , or  pearly  matter 
of  Kerkringius , hecaufe  it  was  known,  and 
well  deferibcd  by  this  laft  Commentator  on 
the  Treatife  of  Baftl  Valentin.  Formerly  the 
liquor  that  fwam  above  this  precipitate  was 
evaporated  ; and  the  fait  which  was  obtained 
from  it,  containing  undeeompofed  nitre,  ful- 
phate of  pot-ath,  and  the  new  fait  formed  by 
the  precipitating  acid  combined  with  the  pot- 
aflj,  however  different  it  was,  as  all  the  acids 
could  be  employed  for  this  precipitation,  bore 
the  improper  name  of  antimoniated  nitre  of 
Stahl  : but  it  is  evident  that,  even  when  prepared 
by  the  nitric  acid,  it  does  not  contain  oxide  of 
antimony,  if  its  preparation  has  been  well  con- 
duced. 

65.  1 have  already  announced  (No.  49,)  that 
the  oxide  of  antimony  unites  with  the  alkalis; 
and  we  have  juft  feen  a more  clireét  proof 
of  it,  both  in  the  undiffolved  part  of  this  oxide, 
and  in  the  lixiviation  of  the  produC  of  the 
detonation  of  antimony,  and  the  fulphuret  of 
antimony  with  nitre.  This  lixivium  contains 
a fpecies  of  (alt  formed  by  the  union  of  part 
of  the  oxide  with  the  pot-afh  ; a fait  which 
might  be  named  antimonite  of  pot-ajh , fin  ce, 
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according  to  the  obfervation  of  Citizen  Bef* 
thollet,  it  is  fuiceptible  of  cryflallizing  ; it 
polfeffes  a determinate  degree  of  folubility  ; it 
is  decompofed  by  the  acids.  As  to  the  reft,  Î 
fpeak  under  in  a particular  number,  only  in 
order  to  call  the  attention  of  chemifts  to  the 
lingular  combinations  of  this  acidiform  oxide 
With  the  bafes,  and  to  induce  them  to  make 
new  inquiries  relative  to  theie  combinations 
which  have  as  yet  been  only  furmifed.  In  gene- 
ral, the  oxide  of  antimony  made  by  nitre,  or 
by  the  decompofition  of  nitric  acid,  appears  to 
be  more  oxidated,  and  more  approaching  to  thé 
Hate  of  acid,  than  that  which  is  obtained  by 
the  fimple  combuftion  of  antimony  fufed  in  the 
air.  It  was  with  the  oxide  prepared  by  means 
of  nitre,  that  Bergman  made  his  fulphurated 
preparations  ; it  was  by  endeavouring  to  re- 
duce it  with  leap,  that  Geoffroy  difcover- 
ed  that  pyrophorus  burning  like  a fire-work, 
which  I have  already  mentioned,  (No.  23). 
Laftly,  this  oxide  of  antimony,  which  is  the 
molt  oxigenatcd  of  all,  has  been  carefully  exa- 
mined by  Citizen  Thenars,  who  has  found  it  to 
Contain  0,32  of  oxigen.  The  principal  cha- 
racters which  he  has  difcovered  in  it  are,  that 
it  is  the  lead  foluble  in  water  of  all  the  oxides 
of  antimony,  that  it  unites  with  the  acids  with 
the  greateit  difficulty,  that  it  requires  for  its 
difoxidation  the  higheft  temperature,  without 
being  irreducible,  as  was  formerly  believed,  that 
it  cannot  be  well  reduced  unlefs  when  it  Is 
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heated  with  a portion  of  antimony,  which,  by 
fharing  its  oxigen  which  it  takes  away  by  de- 
grees, caufes  it  to  pals  again  through  all  the 
iucceffive  degrees  of  oxidation  ; namely,  from 
the  white  to  the  yellow,  from  the  yellow  to  the 
orange-coloured,  from  the  orange-coloured  to 
the  brown,  and  from  the  brown  to  the  black. 

bd.  If  inftead  of  employing  three  parts  of 
nitre,  and  one  part  of  fulphuret  of  antimony, 
we  employ  only  equal  parts  of  thefe  two  fub~ 
ftances,  we  obtain  by  the  aétion  of  the  fire  an. 
opaque  vitrification,  which  has  been  termed 
Liver  of  Antimony . Bergman  obfervcs,  vdiat 
may  apply  to  all  thefe  cafes  of  the  combuftion 
of  the  fulphuret  of  antimony  by  nitre,  that 
when  we  throw  the  materials  at  feveral  times  into 
a red-hot  and  open  crucible,  we  may  lofe  nearly 
half  the  mixture  ; he,  therefore,  advifes  us  to 
put  the  lubftance  into  a cold  crucible,  to  clofe 
it,  and  to  apply  the  fire  till  it  is  fufed.  By 
this  procefs  fcareely  more  than  an  hundredth  is 
loft.  The  fame  method  is  to  be  recommended 
for  all  the  preparations  which  are  made  with 
nitre  and  antimony,  or  its  fulphuret  We  thus 
obtain,  under  fome  fcoria,  an  opaque  well- 
fuiëd  glafs  of  a deep  brown  colour,  which  is  a 
real  oxide  of  antimony,  brown,  fulphurated  and 
hid ro-fulphu rated,  vitrified,  which  v7as  formerly 
termed  liver  of  antimony , on  account  of  its 
colour  and  opacity,  to  diftinguilh  it  from  the 
glafs  of  antimony , which  is  tranfparent  and  of 
a hyacinth  colour.  We  fee  that  here  the  pro- 
portion 
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portion  of  the  nitre  is  not  furficient  to  burn  the 
whole  of  the  fulphur;  we  fee  alfo  that  the 
antimony  burns  before  the  fulphur,  as  takes 
place  in  the  preparation  of  the  kermes.  This 
liver  of  antimony,  or  antimoniated  fulphuret  of 
pot-afli,  contains  a final!  quantity  of  fulphite 
and  of  nitrate  of  pôt-afh,  which  Bergman 
believes  to  be  the  true  antimoniated,  nitre  of 
Stahl.  He  remarks  alfo,  that  thefe  faits  prevent 
the  deliquefcence  which  the  antimoniated  ful- 
phuret  formed  fimply  with  equal  parts  of  fixed 
alkali,  and  of  fulphuret  of  antimony  fufed  toge- 
ther, undergoes. 

It  is  eafily  conceived  from  what  has  already 
been  faid,  that  when  this  vitreous  product  is 
wafhed,  the  water,  by  taking  up  the  faits, 
dilfolves  alfo  a portion  of  h i d ro - fu  1 ph u rated 
oxide  of  antimony,  will  depofit  by  cooling  a~ 
portion  of  real  kermes,  and  afford  by  the  acids 
hidrp-fulphurated  orange-coloured  oxide,  or 
fulphur  auratum.  The  undifiblved  portion  of 
the  liver  of  antimony,  well  wafhed  and  reduced 
to  powder,  was  termed  Crocus , or  Saffron  of 
Metals , on  account  of  its  deep  orange- red 
colour.  Bergman  confiders  it  as  a fpecies  of 
kermes  or  hidro-fulphurated  oxide  of  antimony; 
it  yields  fulphurated  hidrogen  gas  by  the 
muriatic  'acid  ; and  though  it  has  not  been 
lubjeéted  to  an  accurate  analyfis  compared  with 
that  of  the  kermes  hriétly  fo  called,  it  is  evi- 
dent, that  it  differs  from  it  only  by  a larger 
proportion  of  oxide  of  antimony,  and  alfo  by 
3 its 
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its  more  advanced  hate  of  oxidation  : it  is  like- 
wife  more  active,  more  purgative  and  more 
emetic,  on  which  account  it  is  employed  as  a 
medicine  for  horfes.  The  fcoriathat  is  fituated 
above  the  liver  of  antimony,  is  grey,  and  yields 
by  lixiviation  a cryftallized  fait,  which  is  fuled, 
fwells  with  a noife  before  the  blow-pipe,  and 
prefents  a fpecies  of  detonation  ; it  remains 
red  or  yellow  for  fome  time  after  its  cool- 
ing, but  its  colour  difappears  after  fome 
time.  This  fait  yields  fulphurated  hidrogen 
gas  with  much  froth  by  the  contact  of  the 
acids;  and  when  fufed  afterwards  with  the 
blow-pipe  upon  a coal,  it  is  abforbed  and  leaves 
only  a white  circular  trace  in  the  place  which 
it  occupied.  Bergman  concludes  from  thefe 
experiments,  that  the  fait  of  the  fcoria  of  the 
liver  of  antimony  is  a mixture  of  nitre  and 
ot  fulphite  of  pot-alh,  with  fome  traces  of 
oxide  of  antimony.  He  adds  that  thefe  feoriæ 
yield  fulphurated  hidrogen  gas  by  the  muriatic 
acid,  before  as  well  as  after  their  being  waihed  ; 
but  that  they  do  not  depofit  any  hidro-fulphu- 
rated  oxide  of  antimony. 

67-  It  will  be  recolleded,  that  by  treating 
eight  parts  of  fulphuret  of  antimony  with  fix 
parts  of  tartar  and  three  of  nitre,  we  obtain 
antimony,  becaufe  the  fmall  portion  of  oxigen 
of  the  nitre  is  employed  to  burn  the  tartar,  to 
reduce  it  into  a coal,  which  prevents  the  oxida- 
tion of  the  metal,  and  to  burn  a fmall  quantity 
of  fulphur,  of  whjph  the  larger  part  combines 
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with  the  pot-afh,  the  bafe  of  the  nitre,  and  of 
the  tartar,  (fee  No.  14).  The  fcoria  which 
float  above  the  metal,  and  which  are  very 
abundant  and  very  voluminous,  are  much 
compounded.  We  find  in  them  antimoniated 
fulphuret  of  pot-afh,  which,  when  wafhed  with 
hot  water,  adts  in  perfectly  the  fame  man- 
ner as  the  lixivium  afforded  by  the  kermes 
mineral  and  the  fulphur  aura  turn*  It  is  mixed 
with  fulphate  and  fulphite  of  pot-afh,  and  much 
carbon.  It  is,  therefore  evident,  that  the  anti- 
mony is  not  completely  di  fen  gaged  by  this 
procefs,  which  is  to  be  considered  merely  as  an 
imperfeéf.  affay  of  its  ore,  Since  a portion,  and 
even  a pretty  confiderable  one,  remains  oxi- 
dated and  combined  with  the  very  abundant 
pot-afh  of  the  fcoria. 

68.  Antimony  appears  to  be  capable  of  de- 
composing the  muriate  of  foda,  according  to 
Citizen  Monnet,  who  afferts  that  when  we 
heat  a mixture  of  thefe  two  bodies  in  a retort, 
Sublimed  muriate  of  antimony  is  obtained  ; 
but  this  ehemift  does  not  Speak  of  the  refid  ue,- 
which  he  does  not  feem  to  have  examined,  and 
which  ought  to  contain  foda,  if  the  fait  has 
been  really  decompofed.  The  antimony  does 
not  adt  upon  the  ammoniacal  muriate,  as 
Bucquet  has  convinced  himfelf,  and  it  yields 
neither  ammonia  nor  muriate  of  antimony  when 
it  is  diftilled  with  this  fait,  as  Juncker  had, 
however,  advanced. 

• ' : - . - . : - ' ’*  - . 69.  It 
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69.  It  appears  that  the  fulphuret  of  antimony 
acts  more  upon  the  muriates,  than  the  metal 
does,  on  account  of  the  attraction  of  the  fulphur 
for  the  bafes  of  thefe  faits.  Thus  by  diffilling  a 
mixture  of  this  fulphuret  with  muriate  of 
ammonia,  we  obtain,  according  to  feveral  che- 
mifts,  a purple  pulverulent  fublimate,  which  can 
only  be  an  ammoniaco-antimonial  hidro  ful- 
phuret. This  experiment  deferves  to  be  re- 
peated with  care. 

70.  The  fuper-oxigenated  muriate  of  pot-afh, 
the  only  one  of  this  genus  which  is  well  known 
and  employed,  ads  very  powerfully  upon  anti- 
mony and  its  fulphuret  ; mixed  in  the  propor- 
tion of  two  parts  to  one  of  thefe  combuftible 
bodies,  and  inflamed  by  the  contact  of  a body 
in  the  itate  of  combuftion,  it  caufes  them  to 
burn  with  luch  great  activity,  that  the  whole 
is  diffipated  in  the  air  in  a white  vapour,  leav- 
ing only  a flight  circular  mark  upon  the  body 
on  which  this  mixture  has  been  placed.  When 
this  experiment  is  performed  in  aclofe  veffel,  we 
obtain  from  the  antimony  a white  oxide,  which 
is  feparated  from  the  muriate  of  pot-afh  by  the 
addon  of  water,  which  diffolves  the  latter  ; by 
this  means  we  obtain  the  oxide  perfectly  pure 
and  infulated.  When  a fudden  ftroke  is  given  to 
the  fame  mixture  of  fulphuret  of  antimony,  or 
antimony  and  fuper-oxigenated  muriate  of  pot- 
aih,  upon  a fteel  anvil,  it  fulminates  with  a 
loud  report,  emitting  a flame  as  brilliant  and 
rapid  as  lightning. 
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7 L Formerly,  two  antimoniated  vitreous 
compounds  were  prepared  in  the  pharmaceutical 
laboratories  ; the  one,  known  by  the  name  of 
Ruby  of  Antimony , or  Opaline  Magnejia , 
was  produced  by  the  fufion  of  equal  parts  of 
decrepitated  muriate  of  foda,  nitrate  of  pot-afh, 
and  fulphuret  of  antimony  ; in  this  manner,  a 
vitriform  mafs  was  obtained,  of  a light  brown 
colour,  brilliant  and  covered  with  a white 
fcoria.  The  other  preparation,  very  improperly 
termed  medicinal  régulas,  was  prepared  by  the 
fufion  of  a mixture  of  fifteen  parts  of  fulphuret 
of  antimony,  twelve  parts  of  decrepitated 
muriate  of  foda,  and  three  parts  of  tartar.  In 
this  manner  was  produced  a black  glafs,  fhining, 
opaque,  without  the  metallic  afpeét,  and  very 
denfe.  Thefe  two  compounds  are  fpecies  of 
liver  of  antimony,  which  proceed  from  a de- 
compofition  of  the  muriate  of  foda,  or  of 
nitrate  of  pot-afh,  and  have  not  yet  been  exa- 
mined. 

72.  The  reciprocal  a6tion  of  antimony,  ot 
its  fulphuret  and  of  its  oxides  upon  the  phof- 
phates,  the  fluates,  the  borates,  and  the  car- 
bonates has  not  been  appreciated;  we  only 
know  that  the  phofphates  and  the  borates,  fufed 
with  the  white  oxide  of  antimony,  become 
vitrified  and  allume  the  brown  or  the  hyacinth 
colour,  and  that  the  carbonates  heated  with 
the  fulphuret  of  antimony  lofe  their  carbonic 
acid,  effervefee  at  the  moment  when  they  com- 
bine with  its  fulphur,  and  afterwards  form  anti- 
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monîated  ful phu rets,  which  contain  the  alkalis 
in  the  cauftic  ftate. 

73.  Scheele  has  found  in  the  combined  action 
of  the  (aits  and  of  the  acids  a very  funple  and 
very  commodious  procefs,  for  procuring  abund- 
antly and  eafily  that  fpecies  of  oxide  of  anti- 
mony, which  water  always  feparates  from  its 
muriatic  folution,  and  which  is  known  by  the 
name  of  Powder  of  Algaroth,  as  I iliall  ihow 
in  the  article  concerning  mercury.  In  this 
procefs,  a liver  of  antimony  is  prepared  by 
treating  by  detonation  a mixture  of  one  part 
of  fulphuret  of  antimony,  and  a part  and  a 
half  of  nitre.  One  part  of  this  compound  is 
mixed  with  three  parts  of  water,  and  nearly 
one  part  of  fulphuric  acid,  to  which  muriate 
of  foda  is  added  in  the  fame  proportion  as  this 
acid.  This  mixture,  placed  in  a matrafs,  is 
left  to  digeft  for  twelve  hours  upon  a fand- 
bath,  the  veil  el  being  conftantly  agitated. 
When  the  folution  has  been  made,  and  has 
cooled,  it  is  palfed  through  a piece  of  linen  ; 
the  undilfolved  refid ue  is  treated  again  with 
the  fame  folvent,  diluted  fulphuric  acid,  and 
muriate  of  foda,  and  the  liquor,  after  having 
been  filtrated,  is  mixed  with  the  fir  ft.  When 
this  liquor  is  poured  into  boiling  water,  a pre- 
cipitate is  formed  of  white  oxide  of  antimony, 
or  powder  of  Algaroth , which  is  to  be  wafhed  in 
a large  quantity  of  water,  and  dried  for  ufe.  In 
this  operation,  the  muriatic  acid,  difengaged 
by  the  fulphuric,  diffolves  the  oxide  contained 
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in  the  liver  of  antimony , and  the  water  that  is 
added  precipitates  it. 

K.  Ufes, 

74.  It  has  been  feen  elfe  where-,  that  the  mimer* 
' ous  labours  of  the  chemifts  upon  the  fulphuret  of 
antimony  were  undertaken  with  the  view  to 
prepare  medicines  of  a great  degree  of  adtivity, 
and  exempt  from  the  inconveniences  that  were 
apprehended  in  this  fubftance.  Of  all  the  pre* 
parutions  that  have  been  fucceffively  invented, 
there  is  fcarce  any  which  is  ftill  employed  for 
medical  ufe,  except  the  kermes , the  antimonium 
diaphoreticum , the  fulphur  auratnm , and  the 
glafs  of  antimony \ The  ufe  of  antimony  in 
pills,  or  as  a medical  cup  has  been  laid  afide,  be- 
caule  their  effects  have  been  found  to  lie  very 
variable  and  uncertain.  Several  other  prepara- 
tions which  fliall  be  elfe  where  mentioned  are 
alfo  uled  as  medicines.  In  general,  the  anti- 
monials  are  emetic,  purgative,  fudorific,  and 
pedtoral.  Man  y phyficians  doubt  the  efficacy 
of  the  fulphur  of  antimony  fufpended  in  ptifans 
and  decodiions,  to  which  it  was  long  believed 
that  it  communicated  a fudorific  and  attenuat- 
ing property.  The  powder  of  Chevalleraye,  or  the 
oxide  of  antimony  by  nitre,  treated  feven  fuc- 
ceffive  times  with  this  fait,  and  lixiviated  each 
time,  has  long  fmce  been  laid  afide,  as  being 
deftitute  of  any  virtues,  and  too  much  oxi- 
dated ; for  it  is  at  prefent  fufhciently  afcer- 
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iained,  that  antimony  in  its  metallic  ftate  has 
no  virtues,  that  it  allumes  more  or  l&fs  power- 
ful properties  when  it  is  combined  with  a cer- 
tain proportion  of  oxigen,  and  that  it  lofes 
them  again  when  it  contains  a very  large 
quantity.  The  efteéfs  of  antimonial  medi- 
cines are  very  much  exalted,  either  by  the 
medium  ftate  of  oxidation  into  the  brown, 
orange,  or  yellow  colour,  or  by  the  combina- 
tion of  thefe  oxides  with  fulphur  and  fulphur- 
ated  hidrogen,  as  is  feen  in  the  fulphurated  and 
hidro-fulphurated  oxides  of  antimony,  which 
are  known  by  the  appellations  of  hermes  and 
fulphur  auratnm , and  which  are  the  molt  active 
preparations  of  this  metah 

75.  Antimony  is  ufed  in  many  of  the  arts  : 
it  is  the  bafe  of  the  alloy  which  is  employed 
for  eafting  printing-types,  to  which  it  com- 
municates hardnefs.  It  is  often  made  to  en- 
ter, with  lead  and  tin,  into  rigid  hard  alloys, 
which  are  very  ufeful  for  a variety  of  purpofes. 
The  oxide  of  antimony  is  ufed  in  the  fabrica- 
tion of  coloured  glafs,  enamels,  the  glazing 
and  painting  upon  porcelain  ; it  is  the  balls 
of  the  yellow,  browniOi,  and  orange  colours, 
and  lhades  more  or  lefs  approaching  to  that  of 
the  amethyft.  It  is  mixed  with  feveral  other 
different  oxides,  in  order  to  produce  a great 
variety  of  colours,  the  effects  of  which  have 
been  obferved,  but  their  caufcs  not  yet  fuf- 
ficiently  appreciated. 
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Article  XI IL 
Of  Tellurium . 

« ' ■ 1 

A.  Hijlory . 

1.  MR.  KLAPROTH  of  Berlin,  to  whom  we 
owe  the  difcovery  of  Titanium  and  Uranium,  has 
given  the  Latin  name  of  Tellurium , which  I ren- 
der (in  French)  by  the  word  Tellure , to  a brittle 
metal  which  he  difcovered  in  the  be°'innino-  of 

© o 

the  fixth  year  of  the  Republic,  (end  of  the  year 
1 797?)  and  made  known  to  the  fcientific 
world,  at  the  public  fitting  of  the  academy  of 
Berlin,  in  Nivofe  of  the  fame  year,  (January 
25,  1798).  This  appellation  was  adopted  in 
confequence  of  thofe  which  he  had  given  to  the 
two  metals  already  mentioned.  Like  thofe,  it  is 
borrowed  from  fabulous  mythology.  It  were  to 
have  been  wifiied  that  this  celebrated  Prufiian 
chemift  had  derived  it  from  fomp  charadieriftic 
property  of  this  new  metal,  as  we  have  done 
in  adopting  the  appellation  of  chrome  for  the 
metal  difcovered  by  Vauquelin. 

2.  He  made  this  important  difcovery  in  ex- 
amining the  gold  ore  of  Muriahilf,  of  the 
mountains  of  Fatzbay  in  Tranfylvania,  known 

the  name  of  the  white  ore  of  gold,  aurum 
paradoxum,  aurum  problematicum . Already  in 
the  year  1782,  Mr.  Muller  of  Reichenltein, 
had  fufpedted  the  exiitence  of  a peculiar  metal 
in  this  ore.  Bergman,  to  whom  this  minera- 
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iogift  had  fent  a fpecimen  of  the  ore,  had  not 
been  able,  on  account  of  the  fmall  quantity 
of  it  with  which  he  was  provided,  to  decide 
whether  it  was  really  a peculiar  metal,  or  merely 
antimony,  with  which  it  has  fome  remarkable 
fimilarities  ; but  he  was  more  inclined  to  the 
former  opinion. 

3.  After  having  treated  this  ore  with  the 
nitro-muriatic  acid,  Mr.  Klaproth  precipitated 
and  re-diffolved  it  by  means  of  pot-afh,  and 
afterwards  feparated  it  again  with  muriatic  acid. 
The  fubftance  feparated  from  the  alkali,  and 
depofited  by  the  laft-mentioned  acid,  having 
been  heated  with  an  oil,  vielded  the  metal 
which  he  has  termed  Tellurium.  This  difcovery 
has  not  yet  been  fmce  confirmed  by  other 
chemifts,  as  the  minerals  in  which  Mr, 
Klaproth  found  the  Tellurium  are  yet  very 
rare  ; however,  the  talents  and  accuracy  of 
this  illuftrious  chemift  are  fufficiently  known 
to  authorize  our  confidence  in  the  fads  which  he 
announces. 

B.  Phyjïcal  Properties. 

4.  Tellurium  is  of  a white  colour,  approach- 
ing to  a lead-grey,  and  polfeffes  a confiderable 
degree  of  metallic  luûre.  It  is  very  brittle, 
and  eafily  reduced  into  powder.  Its  texture  is 
lamellated  like  that  of  antimony.  By  flow 
refrigeration  it  allumes  a cryûalline  and  regular 
form,  efpecially  at  its  furface.  Its  fpecific  gra- 
vity is  6, 1 15a 
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5.  It  ought  to  be  ranked  amongft  the  metals 
of  the  greateft  fufibility.  It  is  not  known 
in  what  degree  it  poffeffes  the  powers  of  con- 
ducing either  caloric  or  electricity.  When  fu- 
fed  in  clofe  veffels,  it  foon  boils  up,  and  is  vo- 
latilized, fo  that  its  globules  attach  themfelves 
to  the  roof  of  the  retort  : in  this  property 
it  feems  to  referable  mercury  ; at  leaft,  next  to 
that  liquid  metal,  it  feems  to  be  the  moft  vola- 
tile of  all  metals* 

, . ' - i 

C.  Natural  Hijlory. 

6 . It  appears  that  we  may  at  prefent  diftin- 
guifli  four  ores  of  tellure;  the  hrft  is  that  in 
which  Mr.  Klaproth  firft  difcovered  this  new 
metal  ; namely,  the  white  gold  ore  of  Fatz- 
bay,  which  has  already  been  mentioned;  it  re- 
faits from  the  combination  of  this  metal  with 
iron  and  gold.  This  aunim  paradoxum  is  of 
a greyifh-white  colour,  in  cryftalline  grains  col- 
lected together  in  a gangue  of  quartz  and 
mark 

7.  The  fécond  ore  is  the  graphic  gold 
of  Offenbaya,  formed  of  tellurium,  gold, 
and  filver  ; its  colour  is  a yellowifli  white 
and  it  is  compofed  of  compreffed  prifmatic 
cryftals,  refembling  the  Turkilh  method  of 
writing,  in  their  refpeCive  pofitions.  It  is 
found  in  a grey  ith-bl  tie  argillaceous  porphyry, 
implanted  in  grey  quartz, 
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8.  The  third  is  the  mineral  known  by  the 
name  of  the  yellow  gold  ore  of  Nagyag  in 
Tranfylvania.  It  is  more  complicated  in  its 
composition;  betides  tellurium,  it  contains  gold, 
lead,  filver,  and  fulphur.  Its  colour  is  a filvery 
white,  verging  a little  towards  a brafs-yellow  ; 
it  is  compact,  and  intermingled  with  quartz 
and  brown  fpar  : it  is  alfo  found  in  broad  radii 
that  have  a lamellated  fradture. 

9.  Laftly,  the  fourth  is  another  variety  of 
the  fame  mineral  of  Nagyag,  denominated  the 
foliated  grey  ore  of  gold  ; it  appears  to  differ 
from  the  preceding  only  in  the  proportions  of  its 
principles,  and  by  its  containing  a fmall  quan- 
tity of  copper,  according  to  the  analyhs  given 
by  Mr.  Klaproth.  The  colour  of  this  ore  is 
a deep  lead-grey,  verging  towards  an  iron- 
black  ; it  forms  fmall  leaves  united  into  thin 
plates,  of  an  oblong  hexahedral  form,  partly 
accumulated,  fo  as  to  form  cells,  of  a moderate 
degree  of  luftre,  flexible,  and  frequently  cur- 
ved. It  is  found  in  a bed  of  quartz,  mixed 
with  reddifh  manganefe,  which  it  penetrates  in 
every  dirediion. 

10.  It  is  probable  that  there  exiff  fome  more 
unknown  ores  of  tellurium,  and  that  it  will  be 
particularly  found  in  thofe  of  gold. 

I).  Docimafy. 

11.  I have  fli own  in  what  manner  Mr.  Kla^ 
proth  arrived  at  the  difeovery  of  this  new  me- 
tal ; but  I have  not  accurately  deferibed  the 
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affay  of  the  ore  of  Fatzbay,  by  means  of  which 
he  not  only  extraâed  the  tellurium,  but  alio 
feparated  it  from  other  fubftances  that  were 
combined  with  it,  fo  as  to  make  an  exact  analy- 
fis  of  the  mineral  in  which  the  tellurium  is  con- 
tained. It  is  neceffary  that  I fliould  here 
defcribe  his  procefs,  in  order  that  it  may  be  re- 
peated by  thofe  chemifts  who  may  have  fimilar 
ores  in  their  poffeffion. 

12.  By  lligditly  heating  the  ore  with  fix  parts 
of  muriatic  acid,  and  fuhfequently  boiling  it, 
after  having  added  to  it  three  parts  of  nitric 
acid,  a confiderable  effervescence  took  place, 
and  the  whole  was  diffolvcd.  The  folution  diluted 
with  a little  diftilled  water,  was  mixed  with  a fuffi- 
cient  quantity  of  cauftic  ley  of  pot-afh  todilfolve 
the  precipitate  ; nothing  more  remained  than  a 
brown  flaky  depofit,  confiding  of  oxide  of  gold 
and  oxide  of  iron.  The  alkaline  folution  of 
oxide  of  tellurium  was  mixed  with  muriatic  acid, 
fo  as  to  fat  urate  the  pot-afli,  and  a very  heavy 
white  powder  was  depofited  in  great  abundance. 
It  was  by  reducing  this  powder  to  the  confift- 
ence  of  a pafte  with  a fat  oil,  and  afterwards 
heating  it  to  rednefs  in  a glafs  retort,  that  Mr. 
iüaproth  obtained  the  tellurium  reduced,  partly 
fufed  and  cryftallized  at  its  furface  at  the  bot- 
tom of  the  retort,  and  partly  fublimed  and 
fixed  in  drops  at  the  curvature  of  the  veffel. 

13.  The  fame  experiment,  performed  upon 
the  three  other  ores,  the  graphic  gold,  and  the 
two  of  Nagyag,  and  combined  with  the  pro- 
cédés 
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ceffes  for  ieparating  the  different  fub  fiances 
united  with  the  tellurium  in  them,  gave  Mr.  Kla- 
proth the  following  refaits  relative  to  the  doci- 


mafy  of  thefe  ores. 

A.  The  Ore  of  Fatzbav, 
or  the  Aurum  Pro o/tma li- 
eu m contains,  acording  to 
this  analyfis  - - - - - 


B.  The  graphic  gold  of 
Often  bay  a - - 


C.  The  yellow  gold  ore  of 
Hagyag  ------ 


D.  The  foliated  grey  ore 
of  gold  of  Nagyag  - - - 


"Tellurium  - - 

925,5 

"Iron  - - - - 

72,0 

^ Gold  - 

2,5 

* 

1 000,0 

f Tellurium  - - - 

60 

<|  Gold  - - - - 

30 

[Silver  - - « 

10 

100 

f Tellurium 

45 

j Gold  - - - - 

27 

^ Lead  - - - - 

19,5 

1 Silver  - - - - 

8,5 

LSuiphur,  an  atom 

100.0 

r Lead  - - » - 

50 

1 Tellurium-  - - 

33 

< Gold  - - - - 

8,5 

I Sulphur  - - - 

7,5 

'-Silver  and  Copper  I 

14.  Nothing  can  yet  be  faid  concerning  the 
metallurgy  of  the  ores  of  tellurium,  as  no 
one  has  hitherto  endeavoured  to  extract  this 
metal  from  them,  and  they  have  only  been 
treated  with  the  view  to  feparate  the  gold. 
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E.  Oxidability  by  the  Air . 

15.  When  we  heat  tellurium  with  the  blow- 
pipe upon  a piece  of  charcoal,  it  burns,  after 
having  been  fufed,  with  a pretty  lively  flame, 
of  a blue  colour,  edged  with  a greemfh  tinge  ; 
it  is  entirely  volatilized  in  the  form  of  a fmoke 
of  a whitiih  grey  colour,  which  diffufes  a pecu- 
liar fetid  odour,  that  Mr.  Klaproth  compares 
to  that  of  radifhes. 

_ 16.  The  oxide  of  tellurium  appears  to  be  ex- 
tremely fufible,  for  nothing  more  is  required 
than  to  heat  it  in  a retort,  in  order  to  obtain 
from  it  a mafs  of  a ftraw-vellow,  which  exhibits 
a radiated  texture  when  it  has  cooled.  It  is 
reduced  rapidly,  and  with  a kind  of  explofion 
refembling  a detonation,  when  it  is  heated  in 
a hole  made  in  charcoal,  and  furrounded  with 
this  fubflance, 

* ; ‘ / " s 

F.  Combination  with  the  Combujiibh  Bodies. 

17.  Mr.  Klaproth  has  only  pointed  out 
the  combinations  of  tellurium  with  fulphurand 
with  mercury  ; and  the  latter  combination  is 
merely  indicated  by  its  eafdy  forming  an  amal- 
gam. It  appear^  to  form  with  fuiphur,  and 
undoubtedly  by  fufion,  a grey  fulphuret  of 
lead  of  a radiated  texture  and  readily  cryftal- 
lizable. 
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G*  A SI  ion  upon  Water  and  the  Oxides . 

18.  We  find  no  information  in  the  memoir 
of  the  chemift  of  Berlin  concerning  the  habi- 
tudes of  tellurium  with  refpedt  to  water,  and 
the  metallic  oxides.  However,  amongft  the 
fadts  which  he  has  described,  there  are  feveral 
which  prove  that  its  attraction  for  oxigen  is 

but  weak  : hence  we  may  prefume  that  it  can- 

# 

not  exert  any  adtion  upon  water,  nor  a great 
number  of  metallic  oxides,  fmce  its  own  is  fo 
eafy  to  be  decompofed,  as  I have  already  men- 
tioned, and  as  I fliall  further  fhow  in  confider- 
ing  the  reft  of  its  properties  of  which  I {hull 
have  occafion  to  treat, 

f.  x 

H.  A St  ion  upon  the  Acids . 

* ■■  ? , f •*>  y pi  l:  ' A.  * I : ‘ AS  'l  • ■'  o *•  p r • if 

W-  Tellurium  feems  to  be  very  fufceptibîe 

of  being  attacked  by  moft  of  the  acids  : the 

information  which  its  difcoverer  has  given  us 
......  ° 

refpecting  its  union  with  thefe  burned  fubftances, 

is  the  following.  One  part  of  Tellurium  mixed 
in  the  cold  with  one  hundred  parts  of  concen- 
trated fulphuric  acid,  in  a clofe  veffel,  caufes  this 
acid  to  aifume  a fine  crimfon  colour.  On  ad- 
ding water,  drop  by  drop  to  this  folution,  the 
colour  difappears,  and  the  fmall  quantity  of 
diffolved  metal  is  depofited  in,  the  form  of 
black  flakes.  The  fame  folution,  when  heated, 
equally  lofes  its  colour,  and  gradually  precipi- 
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tates  the  oxide  of  tellurium  in  a white  powder. 
When  on  the  contrary  we  employ  fulphuric 
acid  diluted  with  two  or  three  parts  of  water, 
and  with  the  addition  of  a fmall  quantity  of 
nitric  acid,  this  mixed  acid  ditfolves  a pretty 
confiderable  quantity  of  tellurium  ; the  folution 
is  clear  and  colourlefs,  and  is  not  decompofed 
by  a larger  quantity  of  water.  The  form  and 
other  properties  of  this  fulphate  of  tellurium  are 
not  known. 

20.  The  nitric  acid  eafdy  ditfolves  tellurium  ; 
this  folution  is  white  and  confiderably  tranfpar- 
ent.  When  concentrated,  it  fpontaneoufiy  yields 
fmall  cryftals  of  a white  colour,  light,  and  in  the  , 
form  of  needles  aggregated  in  dendritic  figures. 
The  nitro-muriatic  acid  alfo  ditfolves  it  very 
eafily  ; a large  quantity  of  water  added  to 
this  nitro-muriatic  folution,  precipitates  the 
oxide  of  tellurium  in  the  form  of  a white  powder, 
which  is  foluble  in  the  muriatic  acid.  Mr. 
Klaproth  has  given  no  account  of  the  adlion 
of  this  latt  acid  upon  the  metallic  tellurium. 

21.  All  the  pure  alkalis  precipitate  the  acid 
folutions  of  tellurium  in  a white  oxide,  foluble  in 
the  acids;  an  excefs  of  alkali  re-dilfolves  the 
whole  of  the  precipitate;  it  is  feparated  again 
by  means  of  the  acids,  employed  with  caution. 
If,  inftead  of  pure  alkali,  we  make  ufe  of  an 
alkaline  carbonate,  we  like  wife  obtain  a pre- 
cipitate,  but  one  which  is  much  lefs  foluble  in 
an  excefs  of  the  precipitant 
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22.  1 he  alkaline  fulphurcts,  added  to  the  acid 
folutions  of  tellurium,  form  in  it  a precipitate  of 
a brown  or  blackith  colour,  accordingly  as  the 
tnetal  in  the  folution  is  more  or  lefs  abundantly 
oxigenated.  Sometimes  this  precipitate  re- 
fembles  the  hidro-fulphurated  browii  or  orange- 
coloured  oxides  of  antimony,  or  the  Kermeti 
and  the  Sulphur  Aura  turn  ; this  is  one  of  the 
analogies  which  fubfift  between  tellurium  and  an- 
timony. The  fulphurated  or  hidro-fulphurated 
oxide  of  tellurium  thus  formed,  when  laid  upon 
a red-hot  piece  of  charcoal,  burns  with  a fmall 
blue  flame,  and  is  volatilized  into  a white 
fmoke. 

23.  The  infufion  of  galls,  poured  into  the 
acid  folutionsof  tellurium,  caufes  them  to  depofit 
a flaky  precipitate,  of  a dull  yellow  colour» 
The  pruiTiate  of  pot-afJi,  in  aftate  of  QQ'nfiderable 
purity,  does  not  precipitate  them  ; in  this  very 
remarkable  property  tellurium  refembles  anti- 
mony,  gold,  and  platina  ; befides  thefefour,  there 
is  no  other  metal  which  is  not  precipitated,  or 
the  acid  folutions  of  which  are  not  decompofed, 
by  the  pruffiate  of  pot-afh. 

24.  Zinc  and  iron  feparate  tellurium  from  its 
acid  folutions,  in  the  metallic  ftate,  and  in  the 
form  of  fmall  black  flakes,  fufibie  into  a me- 
tallic button  upon  burning  charcoal,  and  which 
re  fume  their  luftre  by  mere  friction.  Antimony 
prefents  the  fame  precipitation  with  the  liquid 
nitrate  and  fulphate  of  tellurium,  a convincing 
proof  that  thefe  two  metals  are  really  very  d if- 
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furent  from  each  other.  Tin  poffelfes  the  fume 
property  with  refpea  to  the  new  metal  ; its 
muriatic  folution,  mixed  with  that  of  telluiium 
in  the  fame  acid,  gives  a black  metallic  pre- 
cipitate. 

25.  The  oxides  of  tellurium,  precipitated  from 
its  acid  folutions  by  means  of  the  alkalis,  or 
from  its  alkaline  folutions  by  means  of  the 
acids,  are  very  eafily  reducible  by  charcoal, 
and  in  this  redu&ion  they  lofe  their  oxigen  fo 
quickly,  that  they  exhibit,  during  the  opera- 
tion, a motion  and  rapidity  that  may  be  com- 
pared with  a detonation.  It  is  fufficient  to 
mix  them  with  fatty  fubftances,  and  heat 
them  in  a retort,  in  order  to  obtain  them  in  the 
hate  of  metallic  tellurium,  partly  fufed  and  col- 
lected in  a button  at  the  bottom  of  the  velfeh 
and  partly  fublimed  into  folid  drops  at  its- 

curvature. 

i 

I.  A$ion  upon  the  BaJ’es  and  the  Sails. 

\ 1 

26.  Mr.  Klaproth  has  faid  nothing  con- 
cerning the  aClion  of  tellurium  upon  the  earthy 
and  alkaline  bafes.  It  only  reiults  fiom  his 
iirft  experiments,  that  the  oxide  of  this  metai 
is  eafily  foluble  in  the  liquid  cauftic  alkalis. 
The  fpontaneous  fufibility  of  this  oxide  autho- 
rizes us  to  believe,  that  it  may  enter  with  the 
earths  into  vitrification,  and  that  it  is  capable 

of  imparting  to  the  glals  a ftraw^yellow  colour,, 

27.  Its 
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2?.  Its  eafy  combnftibility  affords  equal  rea- 
ion  to  believe  that  it  may  be  fpeedily  burned  by 
the  nitrate  of  pot-aih,  and  by  the  fuper-oxi~ 
genated  muriate  of  the  fame  bafe.  There  is  no 
doubt,  that  when  mixed  in  the  hate  of  powder 
with  the  laft  mentioned  fait,  it  will  inflame  and 
fulminate  by  percuffion,  as  is  the  cafe  with  fo 
many  other  metallic  fubftances. 

K.  Ufes. 

28.  Nothing  can  be  yet  faid  concerning: 
the  ufes  of  a metal  fo  recently  difcovered,  and 
which  appears  hitherto  to  be  fo  fcarce.  But 
tliould  it  be  found  in  other  ores  befides  thofe 
of  Tranfyl  vania,  as  there,  is  rèafon  to  liope 
may  be  the  cafe,  it  cannot  be  doubted  that  it 
may  become  of  great  utility  in  the  arts,  as 
appears  from  its  extreme  fufibility  and  its  flight 
adhefion  with  oxigen.  Before  I conclude  this 
article,  I cannot  refrain  from  remarking  how 
important  an  acquilition  fcience  has  made,  in 
the  difeovery  of  a metal,  which  feems  to  hold 
a middle  rank  between  antimony  and  mercury, 
which  is  very  eafy  to  be  fufed,  and  which  is 
obtained  with  fuch  facility  from  its  ores;  and 
how  much  fuperior  advantages  its  difeovery 
promifes  to  mankind,  than  thofe  of  uranium  and 
titanium,  which  We  owe  to  the  fame  chemift,  but 
the  ti  eat  ment  of  which  is  fo  difficult,  and  their 
reductibility  and  fufibility  fo  limited. 
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Articlè  XIV. 

Of  Mercury , 

A.  Ili/lory . 

1.  MERCURY,  which,  like  many  other  me- 
tals, appears  to  have  received  its  name  from 
the  planet  with  which  it  was  compared  by  the 
Fcrfians,  on  account  of  its  nature  which  was 
fuppofed  to  approach  to  that  of  gold,  as  this 
planet  is  neareft  to  the  fun,  has  been  known 
fmee  the  rnoft  remote  ages  of  antiquity.  From 
a companion  of  its  properties  with  thofe  of 
filver,  it  was  long  ago  termed  quick  fiver, 
hydrargyrum*  In  the  fpecies  of  hieroglyphics 
that  were  formerly  employed  for  reprefenting 
bodies,  mercury  was  reprefented  by  the  com- 
bined figns  of  the  fun  and  moon,  or  of  gold 
and  filver,  linked  together  and  fupported  upon 
a croîs.  The  fign  of  the  gold  was  placed  in  the 
middle,  and  over  it  was  feen  that  of  the  filver, 
which  feerned  to  cover  and  colour  the  firft  ; 
the  crois  at  the  bottom  iignilied  that  it  poffeffed 
acrimony.  Its  ufe  in  the  arts  bears  date  from 
a very  remote  antiquity. 

2.  The  alchemilts  have  laboured  much  upon 
this  metal  They  confidered  it  as  very  much 
refembling  gold  and  filver,  and  differing  but 
very  little  from  them  ; they  imagined  that  it 
wanted  but  very  little  to  become  either  the 

one 
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one  or  the  other,  and  they  always  hoped  to 
di (cover  the  means  of  tranfmuting  it  into  thefe 
metals.  Some  of  them  have  even  affirmed, 
that  they  had  fucceeded  in  effecting  this 
tranfmutation.  Thefe  adepts  agree  with  each 
other,  that  it  is  much  more  eafy  to  convert  it 
into  filver  than  into  gold.  According  to  them, 
in  order  to  convert  it  into  filver,  nothing  more 
is  required  than  to  fix  it.  It  was,  therefore, 
in  this  fixation  of  mercury  that  they  made  all 
the  art  of  their  opus  magnum,  all  the  marvellous 
of  their  fcience  to  confift  ; this  was  the  grand 
objeél  of  their  attention,  and  the  fcope  of  all 
their  withes.  All  thefe  pretentions,  however, 
are  not  fupported  by  a fingle  well-attefted  fact  ; 
and  the  more  we  advance  in  the  ftudy  of  the 
properties  of  mercury,  the  more  differences  we 
find  between  it  and  the  metals  to  which  it  has 
been  fuppofed  to  approach  the  neareft. 

3.  To  thefe  opinions,  exaggerated  and  hypo- 
thetical as  every  thing  belonging  to  the  pre^ 
tended  art  of  alchemy  is,  the  adepts  added 
another  ftill  more  abfurd  and  ridiculous.  By 
tormenting  this  metal  in  a thoufand  ways,  and 
confidering  it  as  the  firft  and  moft  important 
objedt  of  their  refearches,  they  were  led  to  fuch 
a pitch  of  extravagance,  as  to  pretend  that 
mercury  was  a principle  of  all  beings,  that  it 
was  one  of  the  elements  of  Nature,  which  the 
employed  in  the  competition  of  many  fub- 
t tances  ; that  it  was  contained  in  all  metals  ; 
hence  they  diftiriguithed  two  fpecies  of  mem 
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cury,  that  of  the  philofophers,  the  principle  of 
a great  number  of  fubhances,  which  they  pre- 
tended exclufively  to  know  how  to  extraht,  and 
to  poffefs  ; and  tlie  other,  the  common  mei-? 
cury,  the  mercury  of  all  the  world,  that  which 
is  employed  in  the  arts.  Hence  arofe  the 
hypothecs  of  the  mercurial  principle , or  of  the 
mercurial  earth , which  Beclier  has  difting- 
niflied  from  the  other  earths,  and  which  he 
fuppofed  to  exift  in  all  fubhances  that  are  at 
the  fame  time  ponderous  and  volatile.  It  will 
readily  be  believed,  that  no  chemilt  nas  been 
able  to  demonstrate  this  pretended  earth. 

4.  Who  would  imagine  that  thefe  extrava- 
gant notions  and  hypothefes,  deftitute  of  all 
foundation,  have,  neverthelefs,  given  birth  to 
the  chemical  hiftory  of  mercury?  who  ihould 
conceive  that  it  is  to  the  toihome  lcieaiches 
of  thefe  unfortunate  and  indefatigable  labourers 
in  an  ait  which  never  exifted,  that  we  owe  the 


firfl  and  mod  arduous  difeoveries  that  have 
been  made  upon  this  beautiful  metal  ? Nothing, 
however,  can  he  better  demonhrated  tnan  that 
fuch  is  really  the  cafe.  It  is  to  the  alchemih 
that  we  owe  our  knowledge  of  the  volatility  ol 
mercury,  the  art  of  knowing  and  obtaining  it 
in  a hate  of  purity,  the  knowledge  of  its  un* 
alterabiiity  in  clofe  velfels,  of  its  oxidation  by 
fire  and  air,  of  the  proceifes  required  in  order 
to  make  it  burn  by  preventing  its  diffufing 
itfelf  in  the  air,  of  its  principal  combinations, 
of  the  immenfc  variety  of  colours  of  its  preci- 
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pîtates,  of  its  faits,  and  their  different  ftates, 
of  its  aCtion  upon  metals,  of  its  union  with 
fulphur,  and  in  a word,  of  its  principal  pro- 
perties. 

5.  The  chemical  phyficians,  on  their  part, 

always  influenced  by  the  idea  of  appropriating 

natural  bodies  to  the  treatment  of  difeafes,  of 

diminifliino*  the  acrimony  of  thofe  that  were 
© * 

too  active,  of  directing  their  effects,  &c.  have 
performed  a multiplicity  of  operations  upon 
mercury  and  its  pharmaceutical  preparations. 
They  have  difcovered  in  it  a great  number  of 
properties,  have  made  it  enter  into  a variety 
of  different  compofitions,  and  have  greatly  ad- 
vanced our  knowledge  of  the  attractions  to 
which  it  owes  all  the  modifications  it  is  capa- 
ble of  receiving. 

6.  The  mo(t  celebrated  philofophers,  and  the 
moft  able  chemifts,  have  all  fucceffively  oc- 
cupied themfelves  with  this  metal  ; they  have 
endeavoured  to  afcertain  all  its  properties  with 
more  or  lefs  precifion  ; and  the  ufe  which  has 
been  made  of  it  fin  ce  the  end  of  the  laft  cen- 
tury, or  fin  ce  the  time  of  Boyle,  in  the  eon- 
ftruCtion  of  a great  number  of  philofophical 
inftruments,  has  afforded  frequent  occafion  for 
inveftigating  and  examining  its  different  charac- 
ters, It  is  in  this  manner  that  its  weight,  its 
pliofphorefcence,  its  dilatability,  its  volatility, 
its  alterability,  its  mobility,  &c,  have  been 
fucceffively  afcertained, 
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7.  It  is  eafily  conceived,  that  fo  intereftmg 
a metallic  nib  flan  ce  muft  have  engaged  ail 
chemifts  to  make  it  fucceffively  the  object  of 
their  refearches.  There  is  not  one  of  them, 
during  a century  paft,  who  has  not  laboured 
upon  the  combinations  of  mercury,  and  it 
would  be  necelTary  to  name  them  all,  the  one 

• after  the  other,  in  order  to  give  a catalogue  of 
the  authors  who  have  treated  of  this  metaL 
Amongft  thefe  able  men,  we  muft,  however, 
diftinguifh  Boerhaave,  who  combined  with  the 
fagacity  of  the  experienced  phyfician  the  in- 
defatigable patience  of  the  chemift,  and  to 
whom  we  owe  a feries  of  fine  experiments  and 
important  refults  refpeding  mercury.  From 
the  profeftbr  of  Leyden  down  to  Bergman,  who 
has  written  an  interefting  dilfertation  concern- 
ing  corrofive  fublimate,  the  greater  number  of 
chemifts  have  each  of  them  added  fome  fads  to 
the  feries  of  thofe  which  Boerhaave  had  colleded 
or  discovered. 

8.  The  application  of  the  pneumatic  che-* 
nftftry  has  conneded  together  all  the  known 
fads  relative  to  the  chemical  properties  of  mer- 
cury; it  has  given  rife  to  the  difcovery  of  a 
confiderable  number  of  new  ones  ; it  has  elu- 
cidated a great  number  of  fads  which  before 
could  not  be  explained  ; it  has  drawn  from 
oblivion  Several  which  were  negleflcd,  or  in  a 
manner  abandoned  ; it  has  diflipated  ail  the  ob- 
feurity,  ambiguity,  or  uncertainty  that  remained 
in  the  enunciation  of  its  properties  ; it  has 
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conducted  the  French  chemifts  to  feveral  im- 
portant  difcoveries,  fuch  as  the  mutual  differ- 
ences between  the  greater  part  of  the  metallic 
or  mercurial  faits,  the  comparative  ftate  of  the 
different  oxides  of  mercury,  the  aCiion  of  each 
oxide  upon  this  metal  or  its  oxides,  the  forma- 
tion of  feveral  triple  faits,  the  caufe  of  the 
energy  and  caufticity  of  the  mercurial  faits  or 
oxides,  the  fpontaneous  reduction  of  thefe 
oxides,  their  decompofition  by  fome  of  the 
metals,  the  nature  and  characters  of  feveral 
precipitates,  the  different  ftate  of  fome  of  its 
folutions,  the  extinction  of  merciirv  in  a num- 
ber  of  fubftances,  which  had  always  been  con- 
fidered  as  a fmiple  division,  but  which,  in  reality, 
is  a true  oxidation,  &c.  & c.  Bv  the  aggregate 
of  thefe  difcoveries,  as  alfo  by  the  re-union, 
the  approximation,  and  in  fome  meafure  the 
renovation  of  all  the  ancient  refaits  of  experi- 
ments performed  prior  to  the  birth  of  the 
pneumatic  theory,  the  hiltory  of  mercury  has 
not  only  been  rendered  much  more  accurate 
and  much  more  perfpicupus  than  it  was  before  ; 
but  it  has  alfo  acquired  a method,  a regular  and 
fyffematie  form,  which  renders  it  a kind  of 
epitome  of  all  the  fundamental  points  of  this 
theory,  as  I have  already  fhown  with  refpeCt  to 
various  other  fubftances,  no  lefs  important  than 
that  of  which  we  here  treat.  The  latter  confi- 
deration  makes  me  think  it  incumbent  upon 
me  to  deferibe  with  much  care,  at  full  length, 
and  with  all  the  requifit^  ininutenefs  of  detail, 

the 


the  properties  of -mercury,  which,  befides  is  one 
of  the  moft  ufeful  of  metallic  fubftances  for 
medicinal  purpofes,  for  the  arts,  and  for  all 
thofe  branches  of  knowledge,  the  improvement 
of  which  tends  to  accelerate  that  of  human  rea~ 
fon  in  general® 

B.  Fkyjical  Properties 

g„  Mercury,  a metal  which  is  always  fluid 
when  in  a pure  ftate,  at  the  furface  and  in  the 
interior  of  the  globe,  is  one  of  the  moft  biilliant 
and  fhining*  of  all  known  metals  ; when  its  fur- 
face  is  fufficiently  clear,  it  forms  a very  fine 
mirror.  Its  colour  is  as  beautiful  as  that  of 
filver,  with  which  it  has  always  been  compared. 
After  platina  and  gold,  it  is  confidered  as  the 
heavieft  of  all  known  bodies.  Its  fpecihc  weight 
is  13,568,  taking  water  at  1,000.  Citizen 
Guyton,  however,  places  the  tungften  metal 
above  it,  to  which  he  afcribes  a weight  equal  to 
17,600.  Mufchenbroeck  has' reckoned  that  of 
mercury  from  13,500  to  14,110;  according  to 
its  different  degrees  of  purity.  Formerly  alfo 
authors  were  very  particular  in  obferviug,  that 
all  the  m oft  ponderous  fubftances  fwam  upon 
its  furface,  whilft  gold  alone  funk  in  it;  at  the 
prefent  day  we  have  to  add  to  this,  platina  and 
tungften. 

10.  The  divifibility  of  this  liquid  metal  into 
an  immenfë  number'  of  fmall  globules,  by 
means  of  preffuve.  has  àttràëféd  the  attention 
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of  all  the  natural  philofophers  who  have  oc- 
cupied themfelves  with  it.  Boyle,  after  having 

reduced  it  to  a hate  of  extreme  divifion  by 

* 

diftillation,  receiving  it  into  a large  capital  of 
glafs,  the  inner  furface  of  which  it  covered 
with  an  innumerable  quantity  of  globules,  dis- 
covered them  to  be  as  many  fmall  fpheres  or 
mirrors,  which,  collected  upon  the  glafs,  gave 
it  a very  bright  white  colour.  The  manner  in 
which  it  paffes,  by  preflu  re,  through  the  pores 
of  prepared  Skins,  and  its  falling  down  in  a 
filver-Shower,  alfo  prove  its  extreme  divisi- 
bility, which  is  like  wife  apparent  from  the  ill 
effects  which  its  vapour  produces  upon  per- 
lons who  remain  for  fome  time  expofed  to  it 
Liebknecht  tells  us  that  by  Striking  a globule 
of  mercury  fix  lines  in  diameter,  he  divided  it 
Into  fucli  extremely  minute  globules,  that  he 
could  perceive  100,000,000  of  them  with  the 
aid  of  the  microfcope. 

11.  It  is  not  furprifing  that  a metal  which  is 
always  fluid,  of  great  ponderofity,  of  perfed 
brilliancy,  and  at  the  fame  time  Angularly 
volatile,  fo  ufeful  in  a great  number  of  the 
arts,  fo  remarkable,  and  fo  different  from  all 
other  metals  in  its  combinations  and  chemical 
properties,  has  been  considered  as  a kind  of 
independent  body,  an  anomalous  fubftance,  and 
even  as  a fort  of  principle,  capable  of  communi- 
cating to  other  bodies  a part  of  its  charaderiftic 
properties.  It  was  the  water  which  does  not 
wet,  aqua  non  madefaciens  manus , of  fome  au- 
thors, 
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thors,  the  movable  filver,  argentum  mobile , 
of  fome  of  the  ancients  ; appellations  of  which 
the  word  quick- filver  is  probably  a t validation* 
It  was  fuppofed  to  be  a powerful  agent  in  the 
operations  of  nature,  as  it  appeared  to  be  fo 
important  an  agent  in  tlie  operations  of  art» 

12.  Neverthelefs,  too  much  drefs  has  been 
laid,  in  the  lingular  notions  and  the  exag- 
gerated pretend  on  s of  the  alchemifts,  upon  the 
fluidity  of  mercury,  as  upon  an  indelible  pro- 
perty. Boerhaave  Hill  afferted  in  his  Elements 
of  Chemiftry,  that  mercury  could  not  be  ren- 
dered folid  by  any  degree  of  cold,  though  he 
admits  a condenfation  of  ^ of  its  primitive 
volume;  a cireumftance  which  cannot  take 
place  in  its  real  congelation.  1 his  affertion  ot 
Boerhaave  and  other  philofophers  who  have 
followed  him,  was  proved  to  be  falfe  in  the 
year  1759  i in  which  year  the  academicians 
of  Peterfburg,  availing  themfelves  of  an  intente 
degree  of  natural  cold,  augmented  it  dill  fur- 
ther by  a mixture  of  (now  and  fuming  nitrous 
acid  : the  mercurial  thermometer  which  they 
ufed  defeended  to  2 1 3 degrees  of  De  Lifle’s  fcale, 
which  corresponds  with  46—0  of  that  of  Ream 
inur.  As  the  mercury  did  not  defeend  any  lower, 
but  feemed  ftationary,  the  academicians  broke 
the  glafs  bulb  of  their  inftrument,  in  which 
they  found  congealed  mercury,  that  formed  a 
folid  fubftance  fufceptible  of  being  extended 
by  the  hammer.  They  thus  difeovered  that 
mercury  might  become  folid,  and  that  in  this 
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ftate  it  poffeffed  a certain  degree  of  ductility. 
They  remarked  that  at  every  ftroke  of  the 
hammer,  the  preffure,  developing  the  caloric 
in  the  interior  of  the  metal,  fufed  it,  and  that 
it  ran  into  globules. 

13.  This  firft  experiment  was,  in  fome  mea- 
fine,  nothing  more  than  a hint  to  philofophers 
concerning  a property  unknown,  and  till  then 
even  denied,  in  mercury  ; it  has  fmee  been 
often  repeated,  and  of  late  it  has  become  as 
eafy  and  firnple  an  experiment  as  moft  of  thole 
that  are  made  in  chemiltry.  In  the  year  1772, 
Pallas  caufed  mercury  to  congeal,  at  Krafnejark, 
by  a natural  cold  of  — 55^  deg.  of  Fahrenheit's 
fcale  ; it  was  obferved,  that  it  then  refembled 
loft  tin  ; that  it  could  be  flattened  ; that  it 
broke  eafily,  and  that  its  fragments,  when 
brought  into  contaét,  were  glued  or  foldered 
together,  as  happens  in  all  other  foftened  metals  : 
however,  it  is  evident,  that  he  did  not  obtain 
its  real  converfion  into  a folid,  or  complete 
concretion,  as  the  mercury  was  flill  foft  and 
only  in  a ftate  of  femi-con gelation.  In  the  year 
177,5,  Mr.  Hutchius  obferved  the  fame  conge- 
lation at  Albany -fort,  and  Mr.  Bicker  at  Rotter- 
dam,  in  177b,  at  56  deg.  below  0.  In  the 
year  1783,  the  congelation  of  mercury  was 
effected  in  England  with  a lefs  degree  of  cold  ; 
and  Mr.  Cavendifh  has  proved  31-$- — 0 of  Reau- 
mur's thermometer  to  be  the  real  degree  at  which 
it  took  place. 
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14.  In  the  Polytechnic  fchool,  within  a few* 
days  after  its  inftallation,  on  the  18  Nivofe  of 
the  3d  year  of  the  Republic,  (Jan.  5,  1793), 
the  experiment  of  the  congelation  of  mercury 
was  performed  by  refrigerating  mixtures  of  ice 
and  muriate  of  foda,  of  ice  and  nitric  acidP 
The  temperature  of  the  atmofphere  being  9*0, 
a thermometer  with  alcohol  deicended  by  the 
refrigeration  of  thefe  mixtures,  ufed  alternately 
as  baths,  to  31—0.  Mercury,  in  a (late  of  confix 
derable  purity,  ixicloied  in  bulbs  of  thin  glafs, 
and  immerfed  in  this  cold  of  31- — 0,  palled  into 
the  folid  ftateo  At  the  moment  when  the  con- 
gelation took  place,  the  perfon  who  held  the 
tube  of  glafs  in  his  hand  perceived  a flight  con» 
cuffion,  produced  by  a hidden  retreat  of  the 
fixed  metal  ; a fpecies  of  phenomenon  which  is 
alfo  pe  rceived  very  fenfibly  when  phofphorus 
becomes  fixed.  A manifefi  cryftallization  into 
very  {mall  octahedrons  was  obferved  in  the  mer- 
cury. Pelletier  having  placed  this  folidified 
mercury  in  the  hollow  of  his  hand,  experienced 
a painful  fenfation,  which  he  compared  to  a 
burn.  The  part  of  the  fkin  which  had  remained 
for  a certain  time  in  contaCt  with  this  fub- 
fiance,  exhibited  a white  fpot,  which  afterwards 
became  red,  and  remained  very  viflble  during 
fever  ah  days  fubfequent  to  the  experiment. 
This  mercury,  being  beat  upon  an  anvil  of  Reel, 
and  with  a hammer  cooled  to  17,  was  very 
much  flattened,  and  {ho wed  a fufficiehtlÿ 
marked  duâility. 
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15.  The  chemifts  of  thç  polytechnic  fchool 
wifhed,  moreover,  to  afcertain  the  proportion 
between  the  capacity  of  folid  and  that  of  liquid 
mercury,  and  how  much  caloric  it  abforbed  in 
order  to  become  liquefied  : this  they,  did,  as  far 
as  was  within  their  power,  by  mixing,  in  a 
hollow  piece  of  charcoal,  folid  mercury  at 
31 — 0 with  liquid  mercury  at  8+0.  The  refuit 
of  temperature  which  they  obtained  led  them 
to  conclude,  if  not  with  perfect  accuracy,  at 
leafi,  in  a manner  approximating  to  it,  that 
folid  mercury  abforbed,  in  order  to  its  fufion, 
a quantity  of  caloric,  which,  if  transferred  to 
the  fame  proportion  of  liquid  mercury,  would 
raile  its  temperature  by  nearly  6g  degrees,  that 
is  to  fay,  would  heat  it  to  near  38+0  Reaumur, 
that  it  was  confequently  much  lefs  dilatable  by 
a given  porportion  of  caloric  in  its  folid  than 
in  its  liquid  ft  ate. 

lb.  This  refult,  which  is  not  yet  rigoroufly 
exa+  except  as  confidered  in  a general  point 
of  view,  coincides  with  a lingular  property 
which  has  been  very  frequently  obferved  in 
mercury,  namely,  that  at  the  moment  of  its 
congelation,  the  mercury  fuddenly  contrats 
in  a confiderable  degree,  which  is  the  caufe  of 
the  fiiock  or  concuffion  that  is  felt  in  holding 
the  veffels  in  which  this  congelation  is  effected. 
This  phenomenon  has  even  deceived  feveral 
oblervers,  who,  in  confidering  the  converfion 
of  mercury  into  a folid,  have  judged  of  the 
reduction  of  temperature  at  which  it  took 
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place,  by  adopting  as  a meafure  of  this  reduc- 
tion, the  point  to  which  this  metal  had  def- 
eeuded  in  the  thermometer  at  the  very  moment 
of  its  congelation,  a point,  which,  befides  the 
product  of  the  congelation,  exhibits  alfo  the 
effeét  of  its  fudden  Shrinking  or  inftantaneous 
eontraétîoW. 

17.  It  has  been  concluded  from  the  flatten- 
ing which  folidified  mercury  experiences  from 
the  percuifion  of  the  hammer,  that  this  metal 
poflelfes  a certain  degree  of  ductility,  and  it  is 
on  this  account  that  I have  placed  it  together 
with  zinc  in  the  third  divifion  of  the  metals, 
which  have'  the  character  of  fcmi-ductility.  But 
it  is  very  evident,  that  this  property  is  extreme- 
ly limited,  that  it  cannot  even  be  afeertained 
without  many  difficulties,  and  that  it  is  as  yet 
far  from  having  been  fu Ardently  appreciated. 
The  precaution  has  not  even  been  ufed,  except 
in  the  laft  mentioned  experiment,  which,  how- 
ever, could  not  be  carried  far  enough,  of  em- 
ploying, for  the  purpofe  of  trying  the  mallea- 
bility of  mercury,  inftmments  cooled  to  that 
lownefs  of  temperature,  which  alone  can  retain 
it  in  its  folid  ftate  ; it  lias,  therefore,  been 
fpeedily  liquefied,  and  almoft  at  the  firft  ftrokes 
applied  to  it  with  the  hammer,  efpecially  in  the 
firft  trials;  for  in  thole  of  the  polytechnic 
fchool,  the  fteel  anvil  and  the  hammer  having 
been  cooled  to  17—0,  the  folid  ball  of  mercury 
received  feveral  ftroke9  without  either  cracking 
or  beino-  fufed:  and  it  was  only  in  the  ftate 
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of  a flattened  ball  that  Citizen  Pelletier  placed* 
and  held  it  for  fometime  in  the  hollow  of  his 
hand.  We  therefore  do  not  know  either  the 
tenacity,  the  hardnefs,  or  the  elafticity  of 
mercury;  we  only  know  that  it  poffeffes  thefe 
properties  in  a very  inferior  degree* 

18.  Formerly  much  ftrefs  was  laid  upon  the 
dry  nefs  of  mercury,  and  its  property  of  not  wet- 
ting  other  fubftances;  and  it  is  certain,  that 
this  liquid  metal  does  not  attach  itfelf  to  any 
of  the  bodies,  that  are  wetted  by  water,  the 
oils,  or  other  liquids*  But  as  this  property  of 
wetting  manifeftly  depends  upon  the  fuper- 
hcial  attraction,  which  thefe  liquids  exert  upon 
the  bodies,  it  is  evident,  that  the  reafon  why 
mercury  does  not  wet  them,  or  does  not  at- 
tach itfelf  to  their  furface,  is  becaufe  it  has 
little  attraction  for  that  furface  : thus  it  really 
wets  the  fubftances  with  which  it  is  able  to 
unite,  fucli  as  the  metals  which  it  diffolvcs, 
gold,  filvei,  tin,  lead,  &c.  and  we  cannot  clear 
it  f 1 0111  the  furface  ot  thefe,  to  which  it  ad- 
heres  ftrongly,  except  by  the  a&ion  of  fire, 
in  which  they  are  not  fufible,  or  by  chemical 
operations  employed  in  order  to  cleftroy  the 

?eul  combination  which  it  has  formed  with 
them. 

19.  As  a metal  always  fufed,  always  liquid 
at  the  temperature  of  our  climates,  mercury 
conftantly  affeâs  the  form  of  perfect  globules 
when  it  is  divided.  When  inclofed  in  a giafs 
phial  01  tube,  its  furface  is  convex,  which  de* 
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pends  upon  the  fmall  attraction  which  it  has 
for  the  molecules  of  the  glafs  ; in  fact,  if  .we 
pour  it  into  a veffel  or  tube  of  feme  metal 
with  which  it  is  able  to  combine,  mftead  of 
remaining  convex,  its  furfacc  becomes  con 
cave.  As  this  round,  curved,  and  convex 
furface  may  give  rife  to  fome  errois  in  ba- 
rometrical observations,  efpeciallv  m 1 10  c 
which  are  made  with  tubes  of  a fine  bore,  in 
which  the  elevation  of  the  mercury  ought  to 
he  an  exact  meafure  of  the  height  of  the  places 
which  we  with  to  determine,  attempts  have 
been  made  to  obviate  this  fource  of  error,  by 
rendering  the  mercurial  furface  flat.  Oafiebois 
fuccceded  by  boiling  the  mercury  for  a long 
time  in  the  barometrical  tubes  ; by  which 
means  a furface  almoft  perfectly  horizontal  was 
obtained,  efpecially  in  tubes  of  a wide  bore. 
It  appears  that  this  horizon  tali  t y is  owing  to 
the  accurate  feparation  of  the  water  which  fo 
frequently  adheres  to  the  mercury  ; for  on  in- 
troducing a few  drops  of  this  liquid  the  con- 
vexity of  the  furface  inftantaneoufly  appeals 
again,  even  though  the  quantity  of  water  ad- 
ded, be  fo  fmall  as  not  to  be  vifible. 

20.  The  dilatability  of  mercury  by  the  adfion 
of  fire  has  not  yet  been  very  accurately  de- 
termined ; it  is  known  to  be  a very  good  con- 
ductor of  caloric,  on  which  account  it  ap- 
pears io  cold  to  the  hand  when  immeifed  in  it, 
and  it  is  alfo  owing  to  this  conducing  property, 
that  a.  red-hot  iron,  when  plunged  into  mer- 
cury inftantancouflv  lofes  its  red  nefs,  which 
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it  would  have  retained  for  fome  time  in  the 

air,  and  even  in  water.  Its  dilation  by  ca- 

* 

loric  proceeds  in  a Very  uniform  manner;  and 
it  is  on  this  account  that  it  is  employed  in  the 
conftruction  of  thermometers.  When  it  is  pene- 
t rated  with  a quantity  of  this  principle,  which 
has  not  yet  been  well  afeertained,  but  which 
is  eftimated  at  140  degrees  of  Reaumur’s  ther- 
mometer, the  mercury  fwells,  is  reduced  to 
the  ftate  ot  vapour  and  volatilized.  When  this 
experiment  is  performed  in  the  air,  the  mer- 
cury  prefently  condenfes  into  a white  fmoke, 
which  is  capable  of  producing  very  injurious 
effects  upon  animals,  and  by  which  I have  feen 
a man  ftruck  with  afphyxia  and  paralyfis.  If 
it  be  performed  in  clofe  veffels,  in  fuch  a man- 
ner that  the  metal  may  fpeedily  become  fixed 
and  liquefied,  this  becomes  a means  of  diftil- 
lation,  in  which  the  habitudes  of  the  volatile 
metal  are  the  fame  as  thofe  of  every  other  dif- 
tilled  liquid*  In  this  operation,  which  is  often 
employed  for  the  purpofe  of  purifying  the  mer- 
cury, it  is  cuftomary  to  adapt  to  the  neck  of 
the  retort  of  iron  or  ftone-ware  which  is  ufed, 
a tube  of  linen,  the  extremity  of  which  is  im- 
merfed  in  the  water  with  which  the  receiver  is 
filled.  By  means  of  this  apparatus,  the  mer- 
cury is  fpeedily  condenfed  into  the  liquid  form, 
and  collected  entire  under  the  water,  from 
which  it  is  afterwards  feparated  by  rubbing  it 
with  paper  manufactured  without  fize,  drying 
it  in  a gentle  heat,  paffing  it  through  a fkin, 
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agitating  it  with  very  dry  bread-crumb,  bran, 
and  other  deficeating  means  ot  a like  nature, 

U is  oft  account  of  this  eafy  procefs  of  diftilla- 
tion,  that  chemifts  have  confidered  mercury  <*» 
the  molt  Volatile  of  all  metals, 

a j in  its  reduction  into  vapour  by  means  ot 
lire,  and  its  fubfequent  condenfation,  mercury 
undergoes  no  alteration,  if  the  veffels  ufed  for 
this  operation  do  not  contain  much  aii,  if  the 
apparatus  be  well  clofed,  and  it  the  mercurial 
vapour  be  fpeedily  condeufed  by  the  contaa  of 
the  cold  water.  The  diftillation  is  nothing 
more  than  a mere  phyfical  change  of  hate  and 
form,  effected  in  the  mercury  by  the  operation 
of  fire,  but  it  fuffers  no  chemical  alteration, 
Boerhaave  had  the  patience  to  diitil  mercury 
510  fuccdfive  times,  without  its  fuffering 
any  alteration  ; be  only  imagined  that  he  ob- 
ferved  the  metal  had  become  more  brilliant, 
ponderous  and  liquid  than  it  was  befoie.  In 
fa<ft,  he  obtained  in  this  laborious  experiment  a 
fmall  quantity  of  grey  powder,  which  appeared 
to  him  to  be  nothing  more  than  mercury  m a 
ftate  of  extreme  divifion,  and  which  required 
only  to  be  triturated  in  a mortar  in  order  to 
refiore  it  to  the  ftate  of  brilliant  liquid  mer- 
cury, We  lhall  foon  fee  that  this  was  a fiuall 
quantity  of  the  black  oxide  of  this  metal. 

22.  The  alchemifts  conceived  the  expofure 
of  mercury  to  a high  temperature  to  be  a means 
of  fixing  it,  or  of  depriving  it  of  its  fufibility 

and  volatility.  For  this  purpofe,  feveral  have', 
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advifed  to  iiidofe  it  in  thick,  and  very  ftrong 
vefiels,  and  in  this  manner  to  fubjeét  it  to  the 
aétion  of  a violent  fire  for  a longer  or  iliorter 
time  ; but  the  trials  of  this  kind*  that  haye 
been  made  have  only  proved  that  this  metal 
is  in  the  fame  predicament  with  all  thofe  that 
are  very  expanftbje  and  volatile,  and  that  fo 
far  from  being  able  to  fix  it,  the  effect  of  the 
fire  is  only  to  feparate  its  molecules  from  each 
other,  to  that  degree,  that  in  a date  of  great 
expanfion,  it  forcibly  breaks  to  pieces  all  the 
obftaeles  that  oppofe  this  feparation,  Hellot 
has  related  to  the  Academy  of  Sciences,  that 
a perfon  who  wiihed  to  fix  mercury,  introduced 
a certain  quantity  of  it  into  a very  well-fol*. 
dered  globe  of  iron,  which  he  threw  into  the 
middle  of  a burning  fire;  but  fcarcely  had  it 
become  red-hot,  when  the  mercury  burlr  its 
receptacle  with  a loud  report,  and  flew  out  of 
fight.  The  fame  phenomenon  occurred  in  the 
houfe  of  Geoffroy,  the  apothecary,  An  al- 
chemift  filled  a ball  of  iron,  which  he  inclofed 
in  feveral  other  fpheres,  the  laft  of  which  was 
fecured  by  two  very  ftrong  hoops  of  iron  placed 
crofsrwife,  and  threw  the  apparatus  into  a well- 
heated  furnace  in  order  to  make  it  red-hot0 
After  a certain  period,  the  mercury  jburft  its 
enclofures  with  a loud  noife,  and  the  frag-, 
ments  of  iron  were  thrown  out  with  fuch  force, 
that  they  penetrated  through  walls  and  parti- 
tions like  bomb-fhells?  The  fame  experiment 
may  be  made  without  the  fame  {langer3  by  in- 

doling 


390 


MERCERY» 


doling  mercury  in  fin  all  glafs  bottles,  doled 
at  their  extremity  by  the  heat  of  a lamp,  and 
throwing  thefe  bottles  into  the  midft  of  the 
coals  in  a furnace  placed  in  the  open  air, 
Thefe  velfels  bur  ft  with  a report,  and  the  mer- 
cury, having  nothing  to  relift  its  expanfion, 
flies  into  vapour. 

23.  Mercury  is  a very  good  conductor  of 
electricity  and  of  the  animal  property  known 
by  the  name  of  Galvanifin.  Its  eledrieal  pro- 
petty  is  probably  the  caufç  of  the  phofphore- 
fcence,  and  the  conliderably  bright  light  which 
it  emits,  when  it  is  agitated  in  a vacuum.  This 
phenomenon  was  firft  obferved  in  the  year 
1675,  by  Picard,  a French  geometrician,  and 
member  of  the  Academy  of  Sciences  at  Paris, 
This  philofopher,  as  he  was  carrying,  during 
the  night,  in  a dark  place,  a barometer  that 
had  been  kept  for  feveral  years  in  the  ob- 
servatory at  Paris,  obferved  that  the  mercury 
whilft  it  was  lhaken  in  the  tube,  threw  out 
luminous  fparks  fnnilar  to  thofe  which  are  emit- 
ted by  phofphorus  when  expofed  to  the  air. 
This  experiment  was  then  repeated  upon  feveral 
other  barometers,  and  only  one  was  found,  be- 
londnp’  to  the  celebrated  aftronomer  Caffini, 
which  exhibited  the  fame  phenomenon.  Men- 
tion was  made  of  this  property  in  a Treatife  on 
Thermometers,  Barometers,  and  Hygrometers, 
publifhed  at  Paris  in  1686,  and  at  Amfterdam 
in  170,8.  The  journals  of  the  time  alfo  fpeak 
of  it  ; but  twenty  five  years  elapfed  before  its 
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examination  was  relumed.  The  celebrated  Ber- 
nouilli  defcribed  in  the  year  1719?  in  a work 
profelfedly  written,  de  mer  curio  lucent  e in 
vacuo,  or  the  manner  of  conftrufting  luminous 
barometers,  and  propofed  a kind  of  clepfydra 
formed  by  this  metal,  flowing  out  of  one  tube, 
into  another,  and  which  during  the  night, 
thould  indicate  the  hour,  by  the  progreffive 
and  proportional  diminution  of  the  phofphore- 
fcent  column.  S' G ravel  an  de,  We  id  1er,  Haukef- 
bee,  Homberg,  Leibnitz,  occupying  themfelves 
with  the  fame  property,  made  more  or  lefs  in- 
genious applications  of  it  to  luminous  Ihowers, 
fliining  ftreams,  perpetual  lamps,  and  compared 
this  phofphorefcence  with  that  of  feveral  other 
fubftances.  Natural  philofophers,  whilft  they 
confirmed  the  exiftence  of  this  property,  foon 
difeovered  that  it  was  not  confiant,  that  it 
varied,  that  it  obtained  only  in  hot  and  dry 
weather,  and  when  the  vacuum  was  perfect, 
and  the  mercury  very  pure,  and  that  it  even 
became  gradually  weaker  in  proportion  to  the 
diminution  of  all  thefe  conditions.  It  has  been 
difeovered  that  this  phofphorefcence  is  an  elec- 
trical phenomenon,  which  takes  place  only  in 
confe.quence  of  the  friction  of  the  mercury 
againft  the  fuies  of  the  tube,  and  that  the 
mercury  docs  not  thereby  fuffer  any  fenfible 
alteration. 

g4.  A very  peculiar  lined  and  tafte  are  eafdy 
recognizable  in  mercury.  To  convince  ourfelves 
that  it  pofleffes  this  property,  nothing  more 
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is  neceffary  than  to  rub  it  for  tome  time  be--» 
tween  the  hands.  The  fkin  retains  a confider? 
ble  quantity  of  it,  and  it  is  fufficiently  diffufed 
ripon  this  organ  for  the  ©1  factory  nerves  to. 
be  fenfibly  affefted  by  it  Alfo  when  we  pafs 
it  over  the  tougnc,  a kind  of  acrid  faite,  of  an 
auflere  and  metallic  nature,  is  perceived,  .which* 
though  analogous  to  that  of  feveral  ofhev  me- 
tallic fubftances,  has  neverthelefs  a very  diftina 
peculiar  chaîner,  which  one  may  learn  fo  dif- 
tinguilh  by  habit.  It  is  to  this  tafle  that  fev  e- 
ral  phyficians  afcribe  the  property  which  mei- 
cury  is  well  known  to  poffels,  of  killing  fmall 
infeas  and  worms  ; and  it  is  to  the  fame  alfo 
that  feveral  attribute  the  effects  of  this  metal  in 
fome  cutaneous  affeaions,  the  caufe  of  which 
they  have  at  the  fame  time  imagined  they  had 
difcovered  and  explained,  by  fuppofmg  them 
to  be  produced  by  microfcopical  infeas,  though 
their  exiftence  has  never  been  accurately  proved 
nor  admitted  by  a great  number  of  other  pep? 
fons  of  the  profefliom 

C.  Natural  Hijlory. 

25.  There  are,  as  yet,  only  four  well-known 
ftates,  or  four  well  alcertainecl  ores  of  mercury 
in  the  interior  of  the  earth  : the  firft  is  na- 
tive mercury,  and  the  fécond,  the  alloyed  oramalT 
gamated  mercury  ; the  third  is  the  red  fulphu- 
ret  of  this  metal,  and  the  fourth  the  red  muriate 
of  mercury.  In  general,  the  ores  of  meicury 
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do  not  exift  in  nature  in  fo  great  quantity,  noï 
in  fuch  large  maffes  as  thole  of  many  other  me- 
tals. They  are  a great  iource  of  wealth  to  the 
countries  in  which  they  are  found  ; Spain,  the 
Palatinate,  Friuli,  and  fome  provinces  of  Ame- 
rica, are  the  countries  moft  favoured  by  nature 
with  refpect  to  this  production,  which  is  ufefuj. 
in  a great  number  of  the  arts. 

2d.  Native  mercury,  which  has  been  termed 
virgin  mercury,  is  found  in  the  form  of  liquid 
globules,  which  are  very  eafily  recognized  by 
their  brilliancy  and  liquidity.  It  is  commonly 
found  in  tender  and  friable  earths  and  ftones, 
and  frequently  interpofed  between  the  fi  fibres 
and  the  cavities  of  its  own  orbs,  efpecially  of 
its  fulphuret.  It  is  feldom  perfectly  pure,  and 
frequently  contains  fome  other  metal  with 
which  it  is  alloyed  ; but  when  it  is  fufficiently 
liquid,  it  is  confdered  as  pure  or  really  native. 
At  Ydria,  and  in  Spain,  and  America,  it  is  cof- 
leéled  in  the  cavities  and  clefts  of  the  rocks, 
into  which  it  filtrates  from  all  tides.  It  is 
found  liquid  in  argil  at  Almaden,  and  in  the 
beds  of  chalk  in  Sicily.  It  is  alfo  found  in  the 
ores  of  filver  and  lead,  and  even  mixed  with 
the  arfenious  acid,  or  white  arfenic. 

27.  Mercury,  alloyed  with  other  metals,  ex-? 
ifts  more  abundantly  in  the  earth  than  native 
mercury,  as  the  latter  is  rarely  pei  feCUy  puie,  and 
free  from  combination  with  any  other  metal. 
It  is  fometimes  in  fuperficial  layers,  extended 
pver  the  furface  of  the  gangue^  and  fome- 
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times  in  folid  grains  which  adhere  to  and  line  its 
cavities.  The  proportions  of  thefe  two  compo^ 
nent  metals  vary  greatly:  frequently  the  propor- 
tion of  mercury  is  fo  large  that  the  amalgam 
is  of  the  confidence  of  a pafte,  or  femi-liquid. 
Bergman  alfo  fpeaks  of  the  native  amalgam  of 
gold  and  bifmuth.  Some  miner  alo  g ids  after  t 
that  the  amalgama  of  filver  is  found  cryftal- 
lized. 

28.  The  red  fulphuret  of  mercury,  known  by 
the  barbarous  name  of  cinnabar,  is  an  ore 
which  varies  in  its  tints,  from  the  lively  and 
brilliant  red  of  vermillion,  to  a brown  colour, 
fimilar  to  that  of  feveral  of  the  oxides  of  iron; 
its  weight  is  pretty  confiderable  : Mufchen- 
broeck  has  eftimated  it  at  2,233  ; Mr.  Kirwan 
computes  it  at  7,000.  Sometimes  it  is  in  com- 
pact mafles,  fometimes  lam  el  kited,  compofing 
part  of  veins  ; fometimes  it  is  in  fmall  cry  dais 
of  an  indefinite  figure,  which  Mr.  Kirwan  afferts 
to  be  cubes,  and  others,  triangular  prifrns  or 
pyramids,  of  a transparent  ruby  red  ; it  is  alfo 
found  in  powder,  of  a bright  red  colour,  or  in 
the  form  of  an  efflorefcence,  which  is  termed 
native  vermilion , or  flowers  of  cinnabar.  It 
has  naturally  no  metallic  luftre  ; however,  this 
luftre  is  leen  in  the  pieces  recently  broken,  but 
it  confiant) y difappears  to  give  place  to  the 
beautiful  red  colour  which  characterizes  it  when 
the  broken  piece  is  fc raped.  Citizen  Haiiy 
found  that  pieces  of  a perfectly  lamellated  tex- 
ture, divided  themiclves  very  neatly  into  layers, 
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parallel  to  the  faces  of  a regular  hexahedral 
prifm.  According  to  the  fame  miner alogi ft,  the 
fradture  of  this  ore  is  rugged  in  the  direction  of 
the  bafes  of  the  prifms  juft  mentioned.  He  fays, 
moreover,  that  he  has  never  been  induced  to 
apply  the  theory  of  cryftals  to  this  fpecies. 
We  alfo  find  the  fulphuret  of  mercury  mixed 
with  hones  or  fand,  which  are  then  red  and 
very  ponderous. 

29.  The  fourth  fpecies  of  ore  of  this  metal  is 
the  muriate  of  mercury*  It  is  alfo  termed  cor- 
neous mercury , or  mercury  mineralized  by  the 
muriatic  acid.  Mr.  Woulfe,  an  Englifh  chemift, 
was  the  fir  ft  who  difeovered  this  mineral,  at 
Obermufchel,  in  Deux-Ponts  ; it  is  always 
mixed  with  a fmall  quantity  of  fulphate  of 
mercury.  This  native  fait  is  brilliant,  white, 
and  lamellated  ; fometimes  it  is  found  of  a 
yellow  or  blackifh  colour,  mixed  with  fulphuret 
of  mercury.  The  muriate  of  mercury  ex  ills  in 
it  in  the  fuper-oxigenated  ftate. 

30.  To  thefe  four  very  di  ft  in  el  fpecies  lèverai 
mineralogifts  have  added  fome  other  ores  of 
mercury,  which  have  however  not  been  gene- 
rally acknowledged,  or  which  manifeftly  belong 
to  other  metals.  Citizen  Sage  has  deferibed 
a native  oxide  of  mercury,  which  came  from 
Y dria,  in  Friuli,  of  a brown-red  colour,  very 
mild,  and  of  a granulated  fradture  mixed  with 
lome  globules  of  liquid  mercury.  He  allures 
11s  that  this  ore  is  reduced  alone,  and  with- 
out any  addition,  into  liquid  mercury,  by  the 
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aétion  of  fire.  Mr.  Kirwan  confiders  it  as  a 
native  carbonate  of  mercury  ; it  contains  0,91 
of  mercury.  Baron  Born  alfo  fpeaks  of  a na* 
tive  oxide  of  mercury,  in  his  mineralogical 
catalogue  of  the  cabinet  of  Madamoifelle  de 
Ilaab.  Cronftedt,  in  his  Mineralogy,  has  men- 
tioned  an  ore  of  mercury,  in  which  this  metal 
is  combined  with  fulphur  and  copper  ; accord- 
ing to  his  description,  it  is  of  a black  iih*  grey 
colour,  brittle,  and  very  ponderous  ; its  frac- 
ture is  vitreous  ; it  decrepitates  in  the  fire  ; 
it  is  found  at  M ufchel- Lan d fherg.  Citizen 
Monnet,  in  his  Syfième  de  Minéralogie , has 
mentioned  an  ore,  brought  in  the  year  17bS 
from  Dauphiné,  by  Montigny,  in  which  he 
fays  he  has  found  mercury,  fulphur,  arfenic, 
cobalt,  iron,  and  filver.  But  as  this  is  only 
a grey  and  friable  mixture,  containing  not 
more  than  of  mercury,  and  T-§^  of  fil- 

ver,  it  is  evident  that  it  ought  not  to  bç 
reckoned  amongft  the  ores  of  mercury.  Finally, 
Baron  Born  has  alfo  fpoken  of  an  alkaline  fill- 
phuret  of  mercury  ; but  the  modern  minérale- 
gifts  juftly  confider  its  exiftence  as  very  doubt- 
ful. It  is  evident  that  none  of  thefe  four  laft-? 
mentioned  ores  ought  to  be  added  to  thofe 
which  1 have  indicated  as  confiant,  fufiiciently 
di  ft  in  61,  and  well  marked,  except  the  carbonate 
of  mercury,  or  the  native  oxide,  were  its  ex- 
ifience  well  afeertained  ; for  that  of  Cronftedt 
i>  nothing  but  a cupreous  pyrites  or  ful- 
phuret  of  copper,  containing  mercury,  proba* 
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bly  dlûeminated  in  it,  but  not  combined  with 
it* 


D.  AJfay  end  Metallurgy  & 


31.  Before  the  time  of  Bergman,  the  affav 
of  the  ores  of  mercury,  and  especially  of  the  na-* 
tive  fulphuret  of  this  metal,  for  this  was  almoft 
the  only  one  attended  to,  was  an  operation, 
either  very  imperfed,  of  very  fuperficial.  In 
order  to  examine  an  ore  contamina*  mercury,  it 
was  mixed,  in  the  ftate  of  powder,  with  lime 
or  alkali  ; and  this  mixture  was  thrown  upon  a 
hot  brick,  which  was  immediately  covered  with 
a beli-glafs,  in  which  the  mercury  was  volatili- 
zed and  condenfed,  attaching  itfelf  in  final) 
drops  to  its  Tides.  When  this  affav*  which 
often  was  a fufficient  inducement  for  under- 


taking works  upon  a large  fraie,  was  not  deemed 
fatisfadory,  on  account  of  the  price  of  this 
metal,  and  when  it  was  wifhed  to  afeertain  how 
much  mercury  this  ore  contained,  or  was  able 
to  yield,  it  was  cl i it i 1 led  with  fubftances  capable 
s th-“  fu  phur  and  difen  gaging  the 
mercury  from  it,  fuch  as  lime,  the  alkalis,  and 
iion.  Water  was  put  into  the  receiver,  a piece 
of  linen  was  attached  to  the  beak  of  the  retort 
of  ftone-ware  which  was  ufed  ; and  after  the 


operation,  the  mercury  obtained  was  weighed; 
and  the  diminution  of  the  weight  which  re- 
mained was  alfo  determined. 


3C1.  In  head  of  thefe  defedive  operations, 
Bergman  propofed,  in  his  Differtation  on  Hu- 
mid 


398  MÈRC  U RT® 

rffid  Affaying,  to  fubftitute  real  analytical 
procédés.  Native  mercury  is  fo  frequently 
alloyed  with  foreign  metals,  that  it  is  ufeful  to 
determine  their  proportion  ; for  this  purpofe  he 
propofes  to  didblve  it  completely  in  nitric  acid. 
If  it  contains  gold,  this  remains  in  the  ftate  of 
powder  at  the  bottom  of  the  folution  ; if  it 
contains  bifmuth,  it  is  precipitated  by  water, 
which  does  not  feparatc  the  oxide  of  mercury. 
Silver  is  difcovered  by  precipitating  the  folu- 
tion with  muriate  of  foda  ; the  muriate  of  fil- 
ver  and  that  of  mercury  are  depofited  together, 
but  the  latter  diffolves  in  the  water  much  fooner 
than  the  former,  and  they  are  feparatcd  by 
means  of  this  fimple  procefs.  It  might  be  done 
ftill  better  by  means  of  the  oxigenated  muriatic 
acid,  which  would  diiTolve  the  muriate  of  mer- 
cury without  affecting  the  muriate  of  filver. 
The  docimaftic  procédés  are  the  fame  for  the 
native  amalgams. 

33.  The  red  fulphuret  of  mercury  is  more 
difficult  to  be  treated  with  the  acids,  which  do 
not  attack  it  without  great  difficulty.  How- 
ever it  is  decompofed  by  boiling  it  fiightly 
with  eight  times  its  weight  of  a mixture  of 

O u 

three  parts  of  nitric  and  one  of  muriatic  acid  * 
the  metallic  part  is  didblved,  and  the  fulphur 
is  left  in  the  form  of  a yellowiffi  powder.  I 
propole  to  fubftitute  the  oxigenated  muriatic 
acid  in  (lead  of  this  mixed  acid.  Bergman 
had  already  propofed  to  treat  this  fulphuret 
with  muriatic  acid  and  the  oxide  of  manganefe; 
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but  as  the  mixture  of  the  latter  renders  the 
fulphur  very  difficult  to  he  feparated,  I prefer 
the  immediate  adtion  of  the  oxigenated  muria- 
tic  acid.  By  this  means  we  find  that  100  parts 
of  red  fulphuret  of  mercury  contain  0,80  of 
metal,  and  0,20  of  fulphur.  The  mercury,  in 
this  natural  combination,  is  manifeftly  in  the 
ftate  of  an  oxide,  and  this  compound  would 
better  deferve  the  name  of  fulphurated  oxide 
of  mercury  than  that  of  fulphuret  of  mercury. 

34.  As  to  the  native  muriate  and  fulphuret 
of  mercury,  Bergman  di redis  us  to  treat  them 
with  the  muriatic  acid,  which  feizes  upon  the 
oxide  of  mercury  combined  with  a portion  of 
fulphuric  acid,  and  thus  reduces  the  whole  mais 
to  the  ftate  of  muriate  of  mercury  : the  liquid 
which  floats  at  the  top  is  feparated  by  means  of 
the  muriate  of  barites,  which  gives  the  weight 
of  the  fulphuric  acid  contained  in  the  native 
fait,  by  means  of  the  precipitated  fülphate  of 
barites,  and  confequently  that  of  the  muriate 
of  mercury  which  was  originally  mixed  with, 
it. 

35.  To  thefe  docimaftic  procc-flcs  I mu  ft 
add  the  methods  of  afcertaining  the  purity  of 
mercury,  and  thofe  of  procuring  it  in  a very 
pure  ftate.  Motives  of  gain  frequently  af- 
ford an  inducement  for  adulterating  this  metal, 
which  always  bears  a more  or  lefs  high  price  in 
commerce.  The  additions  of  lead  and  bifmuth, 
the  amalgams  of  which,  though  folid  by  them- 
feives,  have  the  property  of  alfuming  a con» 
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fiderable  degree  of  fluidity  when  mixed,  aré 
the  moft  common  means  of  adulterating  mer- 
cury, which  is  very  little  changed  thereby  with 
refpeét  to  its  fluidity. 

Several  authors  have  afferted,  that  it  might 
contain  one  fourth  part  of  its  weight  of  this  adul- 
teration, without  any  very  fenfible  effeét  upon 
its  liquidity*  Mercury  is  judged  to  be  impure 
by  the  combination  of  ail  the  criteria  indi-* 
ated  by  authors  ; by  its  varied  and  tarnifhed 
colour,  the  impurities  and  drofs  with  which 
it  is  covered  ; by  thofe  which  it  leaves  upon 
white  glazed  veffels,  over  the  furface  of 
which  it  is  paffed  ; by  the  black  colour  with 
which  it  foils  the  hands,  or  white  fubftances 
upon  which  it  is  rubbed;  by  its  not  dividing 
eafily  into  round  globules,  but  feeming  to  be- 
come flattened  and  wrinkled,  to  adhere  to  the 
veffels  when  it  is  poured  out,  to  become  rough  at 
its  edges,  to  leave  a train  or  tail;  by  the  globules 
not  uniting  readily  when  placed  in  contaÔ 
with  each  other  ; by  the  quantity  of  black  and 
grey  powder,  and  of  particles,  foreign  to  its 
nature,  which  remain  upon  the  fkin  through 
which  it  is  paffed  ; by  the  black  powder  which 
it  affords  when  agitated  with  water;  by  its 
not  evaporating  ipeedily  and  entirely  when 
expofed  to  the  action  of  fire  ; by  its  leaving  a 
ftain  upon  the  bodies  in  which  it  has  been 
heated;  by  its  yielding  coloured  folutions  in  the 
acids  ; and  laftly,  by  the  circumftances,  that; 
when  a final l portion  of  it  is  heated  in  a new 
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iron  fpoon,  îtdepofits,  as  it  becomes  volatilized, 
a dirty  and  fixed  cruft,  formed  by  the  foreign 
matters  which  it  contained. 

36.  I fiiall  obferve  upon  all  thefè  criteria  and 
charadleri  flics  of  the  impurity  of  mercury 
which  have  juft  been  mentioned,  that  the  cri- 
terion, which  is  the  moft  certain  and  moft  to  be 
depended  upon  of  all,  is  the  diftillation  of  this 
metal  in  a retort  of  ftone-ware,  and  the  exa- 
mination of  the  reiiduum  which  it  leaves  be- 
hind : this,  however,  is  only  a preparator  y means, 
which  puts  us  in  the  way  of  making  a more 
exadt  analyfis,  by  fhowing  whether  the  mer- 
cury which  we  examine,  contains  any  confi- 
derable  quantity  of  foreign  water;  for  it  has 
been  obferved,  that  mercury,  becoming  vola® 
tilized,  carried  with  it  a portion  of  the  fixed 
metals  which  altered  its  purity.  Moreover,  in 
order  to  afcertain  the  purity  of  mercury  with 
accuracy,  there  is  no  better  means  than  to 


difiolvc  it  m the  cold  in  an  excefs  of  nitric 
acid;  the  folution  becomes  turbid  on  the  addi- 
tion of  water,  if  it  contain  bifmuth,  and  the 
weight  of  this  precipitate  indicates  that  of  this 
metai  : it  is  then  completely  precipitated  by 
the  muiiatic  acid  ; and  if  the  precipitate  be 
mixed  with  muriate  of  mercury  and  muriate  of 
lead,  the  firft  being  volatile,  and  the  fécond 
fixed  and  fufible,  we  heat  it  in  a glafs  retort, 
and  judge,  by  comparing  the  proportions  of 
the  fublimate  and  of  the  refiduum  obtained, 
what  was  the  compofition  of  the  mixture  upon 
"V  ol.  V,  D d which 
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which  we  operated.  X Ihall  add,  on  this  occa- 
fion,  that  fin  ce  large  quantities  of  mercury 
have  become  necelfary  in  laboratories  for  ex- 
periments upon  the  gafes,  I have  had  frequent 
occafion  to  examine  this  metal,  in  order  not  to 
be  deceived  in  the  purchafe,  and  that  I have 
never  found  it  to  contain  more  than  four  or  five 
hundredths  of  foreign  matter  ; that  I am  con- 
vinced, that  the  mercury  is  frequently  foiled, 
covered  with  powder,  tarnifhed,  imperfectly 
liquid,  and  even  draws  a tail,  without  its 
containing  on  that  account  any  remarkable 
quantity  of  inferior  metals,  and  that  thele 
properties  almofi  always  depended  upon  a com- 
mencement of  oxidation,  or  even  upon  the 
humidity  contracted  by  the  mercury. 

37,  in  order  to  avoid  the  danger  of  employ- 
ing impure  mercury  for  the  important  purpofes 
to  which  this  metal  is  appropriated,  as  well  in 
medicine  as  in  natural  philofophy  and  che- 
miftry,  and  in  lèverai  of  the  arts,  it  has  always 
been  advifed  to  extraCt  it  for  one’s  own  ufe 
from  the  fulphuret  of  mercury  : this  is  what  has 
been  termed  mercury  revived  or  refufcitated 
from  cinnabar,  an  expreffion  which  pretty  well 
expreffes  the  oxided  ftate  of  the  mercury  in 
its  ore.  This  operation  is  ufually  performed  in 
chemical  and  pharmaceutical  laboratories,  by 
diftilling,  in  a retort  of  iron  or  ftone-ware,  a 
mixture  of  iron  and  fulphurated  oxide  of  mer- 
cury either  native  or  artificial  ; for,  as  we  lhall 
fee  hereafter,  the  artificial  compound  is  much 
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more  frequent  in  commerce  : the  iron  is  added 
in  the  proportion  of  one  part  to  two  of  cinnabar, 
and  well  mixed,  in  the  form  of  hue  filings,  with 
this  mercurial  compound,  by  exadl  trituration. 
The  diftillation  is  performed  with  the  precau- 
tions already  mentioned  ; a piece  of  linen  that 
forms  a tube,  is  attached  to  the  beak  of  the 
retort,  and  immerfed  in  the  water  with  which 
the  receiver  is  half  filled.  The  iron,  whofe 
attradlion  for  oxigen  and  for  fulphur  is  much 
greater  than  that  of  mercury,  difoxidates  and 
de-fulphurates  the  metal,  which  rifes  in  the 
form  of  vapour,  and  is  condenled  in  the  water  ; 
there  remains  in  the  retort  a fulphuret  of  iron, 
in  which  this  metal  is  a little  oxidated.  The 
mercury  obtained  in  this  manner,  when  dried 
and  palfed  through  a fkin,  is  very  pure  and 
brilliant. 

38»  It  is  by  procédés  analogous  to  that  which 
has  juft  been  defcribed,  that  mercury  is  ex- 
traded  in  the  large  way  from  its  ores.  That 
which  is  liquid  and  dilfeminated  in  globules 
among!!  the  ftones,  is  ealily  collected  by 
diluting  them  in  water  after  they  have  been 
pounded;  the  metal  is  precipitated,  and  the 
water,  as  it  runs  oil',  carries  with  it  the  earthy 
particles.  It  is  in  this  manner  that  the  native 
and  liquid  mercury  is  extracted  at  Ydria  in 
Friuli.  As  to  cinnabar,  or  the  natural  fulphuret 
of  mercury,  it  will  immediately  be  apparent  - 
that  it  cannot  be  roafted,  either  in  order  to 
diminifh  its  cohefion,  or  to  feparate  the  ful- 
phur, even  in  part,  for  the  fulphuret  would  be 
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diffipated  by  the  aelion  of  the  fire.  As  nature 
almoft  always  prefents  it  mixed  either  with 
a calcareous  or  ferruginous  fubftance,  both 
theft  gangues  become  a kind  of  intermediate 
agents,  very  fit  for  decompofing.  the  fulphuret, 
a bib  rb  in  g its  fulphur,  difoxidating  its  metal, 
and  confequently  promoting  its  volatilization 
by  the  heat. 

39-  The  procèdes  ufed  in  the  extraction  of 
mercury,  though  always  founded  upon  diftilla- 
tion,  vary  according  to  the  places  in  which  they 
are  praétifed.  Antoine  Juffieu  has  deferibed, 
in  the  Memoirs  of  the  Academy  of  Sciences 
for  the  year  1719?  the  operations  performed  at 
Almaden  in  Spain,  for  the  purpofe  of  obtaining 
this  metal.  He  firft  obferves,  that  the  mines 
of  this  country  do  not  emit  any  exhalation 
deleterious  to  vegetables  ; that  the  environs  and 
the  foil  above  them  are  very  fertile  ; that  the 
working  of  them  is  attended  with  no  danger  to 
the  labourers,  and  that  it  is  only  the  conviCts 
employed  in  their  interior,  who  are  attacked 
with  dangerous  maladies,  on  account  of  the 
mercury  volatilized  by  the  fires  which  they 
are  obliged  to  keep  burning.  The  ore  of 
Almaden,  according  to  this  author,  contains 
iron  and  a fmall  quantity  of  carbonate  of  lime. 
It  is  introduced  into  a kind  of  reverberatory 
furnaces,  and  the  fire  is  kindled  in  the  alh- 
hole,  This  furnace  has  no  aperture  except 
eight  holes  at  its  poller  i or  part  ; to  each,  of 
thefe  holes  a row  of  aludels  of  earth  is  adapted, 
S the 
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tîie  laft  ot  which  terminates  in  a final!  building* 

CT 

at  a considerable  diftance  from  the  furnace» 
Between  the  two  extremities  of  this  apparatus, 
the  build  ingand  the  furnace,  a fmall  platform  is 
con  ftr  lifted,  forming  two  inclined  planes,  which 
fuppoit  the  aludels  ; when  any  ill-luted  joining 
of  thefe  fuffers  any  of  die  mercury  to  efcape,  its 
globules  are  collected  at  the  meeting  of  the  in- 
clined planes  of  this  platform.  The  fire  applied 
to  the  fulphuret  of  mercury  effects  its  decom- 
po  fit  ion  by  means  of  the  lime  and  iron,  which 
abfoi b the  fulphur  and  oxigen.  The  mercury 
reduced  into  the  fiate  of  vapour,  is  partly 
flopped,  paifes  into  the  aludels,  and  runs  down 
in  part  by  the  gentle  dopes  which  they  have 
into  the  imall  building*.  When  the  operation 
is  completed,  and  the  whole  of  the  apparatus 
cooled,  all  the  aludels  are  carried  into  the 
chamber  of  this  building,  in  order  to  empty 
them,  and  col  left  the  mercury  which  they 
contain,  in  a cavity  in  the  middle  of  the 
chamber,  towards  which,  it  fublimes  from  all 
hdes.  This  mercury  is  afterwards  tranfported 
in  Ikins,  and  in  barrels  that  contain  feveral 

quintals,  which  go  by  the  name  of  bouillons 
in  commerce. 

40.  In  the  Memoirs  of  the  fame  Academy  for 
the  year  1776,  we  find  a defeription  of  the  pro- 
cefs  employed  in  the  Palatinate  for  the  extrac- 
tion of  mercury,  by  Citizen  Sage.  They  there 
ufe  a gallery  charged  with  forty-eight  retorts  of 
« ait  ii  ou  an  inch  thick,  more  than  a metre  in 

length, 
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length,  and  containing  about  twenty-nine,  Kilo- 
grammes  (fixty  pounds)  of  materials.  Thefe  re- 
torts  are  head  il  y fixed  upon  the  furnace  which 
fupports  them.  A mixture  of  three  parts  of  the 
ore  well  forted  and  pounded,  and  one  part  oi 
flaked  lime  is  introduced  into  them  by  means  of 
an  iron  ladle  ; they  are  heated  with  pit-coal,  ap- 
plied at  the  two  extremities  of  the  furnace,  the 
tides  of  which  are  perforated  with  lèverai  aper- 
tures, which  eftahlilh  currents  of  air,  and  caule 
the  coal  to  burn.  The  mercury  is  feparated  and 
volatilized  by  the  re- action  of  the  lime  upon 
the  fulphur;  it  is  collected  in  earthen  re- 
ceivers adapted  to  the  retorts,  and  filled  with 
water  to  about  a third  of  their  capacity. 
This  operation  occupies  ten  or  eleven  hours.  It 
is  evidently  founded  upon  the  fame  principles 
as  the  preceding  one,  and  differs  from  it  only 
in  the  form  of  the  apparatus. 

,,  it 

E.  Oxidability  by  the  Air. 

41*  Formerly,  mercury  was  not  thought 
to  be  capable  of  burning,  and  it  was  confidered 
as  unalterable.  It  was  by  carefully  examining 
this  property  that  modern  chemiftry  made  its 
firit  and  moft  valuable  difcoveries,  and  to  thefe 
the  pneumatic  doétrine  owes  its  rife.  Mercury 
is  not  only  oxidable  like  all  the  metals,  but  it 
has  alfo  two  modes  of  burning,  or  two  fpecies 
of  combuftion,  like  the  greater  part  of  metallic 
fubftances  : the  one  is  the  flight  and  im perfect 
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eombuftion,  which  takes  place  at  a low  tem- 
perature ; the  other  is  the  complete  and  ftrong 
eombuftion,  which  is  effedted  only  at  a very 
high  temperature.  The  firft  was  for  a long 
time  confidered  to  be  merely  a division  of  the 
mercury  ; it  has  been  very  well  defcribed  in 
this  point  of  view  by  Boerhaave.  Without 
knowing  the  caufe,  he  converted  mercury  by 
it  into  a black  powder,  which  he  termed 
Ethiops  per  le , and  of  which  he  knew  both 
its  reductibility  by  heat,  and  the  diminution  of 
its  weight  during  its  reduction.  The  other, 

which  has  been  confidered  bv  the  alchemifts  as 

%/ 

a kind  of  fixation  or  precipitation  of  mercury, 
takes  place  only  at  its  temperature  of  ebulli- 
tion, and  converts  it  into  a red  powder,  which 
they  termed  mercury  precipitated  per  fe,  Each 
of  thefe  mu  ft  be  confidered  in  detail. 

42.  The  flight  oxidation  of  mercury  takes 
place  at  a very  low  temperature,  and  always 
when  this  metal  is  agitated  in  contact  with  the 
air.  Ariftotle  already  feems  to  have  known  it, 
when  he  fays  in  his  fourth  book  (: meteorology 
comm . chap,  xviii.),  that  by  mixing  mercury 
for  a long  time  with  faliva,  a remedy  is  formed, 
which  is  uleful  in  forne  difeafes  of  the  lk  in. 
Whether  we  rub  the  mercury  with  the  hand,  or 
frequently  agitate  it  in  the  air,  or,  as  Boerhaave 
did,  caufe  it  to  be  inceffantly  fhaken  in  a bottle 
attached  to  the  axis  of  a mill-ftone,  or  triturate 
it  with  any  liquids,  provided  they  be  thick, 
vifcid  and  efpecialiy  if  fufceptibie  of  attmct- 
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ing  the  oxigen  of  the  atmofphere  ; in  all  thefe 

cafes,  it  is  converted  into  black  oxide,  of  an 
acrid  and  copperifh  tafte,  which  is  reftored  to 
the  hate  of  liquid  mercury  by  the  atdion  of  fire, 
and  even  of  light,  which  contains  about  a twen- 
ty-fixth  of  its  weight  of  oxigen,  and  which  is 
a real  black  oxide  of  this  metal.  We  can- 
not rub  mercury  upon  a white  fubftance, 
or  between  the  fingers,  without  oxidating  a 
portion  of  it,  and  in  all  the  operations,  of 
which  Plenck  has  performed  fuch  a variety, 
wherein  the  metal  is  extin gui died  in  liquid 
vifcous  mixtures,  or  in  any  folids,  that  is  to 
fay,  in  which  it  lofes  its  form  of  globules,  and 
allumes  that  of  a black  powder,  with  the  aid 
of  motion  and  divifion  in  contaèt  with  the  air, 
it  is  equally  oxidated.  The  furface  of  mer- 
cury, when  expolecl  for  a long  time  to  the  air, 
even  though  it  be  at  refi,  becomes  at  length 
covered  with  a dull-coloured  pellicle,  which  is 
nothing  elfe  than  this  lpecies  of  oxide.  Ber- 
noulli, has  even  obier ved  that  on  letting  a 
globule  of  mercury  fall  from  a height  of 
thirty,  and  even  of  fifteen  centimetres,  upon 
a very  brilliant  and  pure  mafs  of  this  metal, 
a fpot  was  formed  at  the  place  upon  which  it 
had  fallen  ; and  though  he  has  attributed  it  to 
the  impurites  which  the  globule  abforbed  in  the 
air,  it  is  evident  that  it  is  entirely  owing  to 
the  commencement  of  oxidation  which  it  un- 
deru’oes.  This  converfion  into  black  oxide  is 
even  produced  by  agitating  mercury  in  aerated 
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water.  The  fame  oxidation  is  likewife  the 
caufe  of  the  black  powder  which  frequently 
forms  at  the  top  of  old  barometers,  which  con- 
tain a fmall  quantity  of  air.  Laftly,  if  we 
obferve  with  attention  all  the  circumltances  in 
which  mercury  becomes  oxidated,  by  what- 
ever procels  it  may  be,  wre  find  that  it  always 
pafles  through  this  ftate  of  black  oxide,  be- 
fore it  arrives  at  a more  complete  ftate  of  oxi- 
dation. In  a word,  this  hate  of  black  oxide 
is  conftantlv  the  hr  ft  term  of  the  oxidation  of 

O' 

this  metal,  and  we  may  equally  obferve,  that 
it  returns  to  it  immediately  before  it  affirmes 
the  metallic  form,  in  all  the  cafes  of  difoxida- 
tion,  of  which  I fliall  foon  have  occalion  to 
fpeak. 

43.  The  flrong  or  complete  oxidation  of 
mercury  is  an  operation  which  the  alchemifts 
have  long  fmce  p radii  fed,  as  I have  already 
obferved,  and  for  which  they  have  contrived 
apparatufes  more  or  lefs  complicated,  which  at 
prefent  are  altogether  laid  afide.  Boyle,  who 
was  ignorant  of  the  theory,  though  he  occu- 
pied himfelf  fo  much  writh  the  effects  of  the  air, 
contrived  for  this  procefs  a flat  bottle,  which  he 
clofed  with  a long  cylindrical  hopper,  perforated 
with  a very  fmall  aperture  through  the  middle, 

and  which  has  been  termed  Boyle's  hell  from 

* 

the  notion  that  the  metal  was  put  to  a real 
torture  in  it.  Boerhaa-ve,  in  his  numerous  dif- 
tillations  of  this  metal,  obferved  that  he  every 
time  obtained  a certain  quantity  of  red  powder, 
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very  brilliant,  very  acrid,  and  very  active,  lb 
as  to  produce,  according  to  his  expreffion,  a 
great  derangement  in  the  animal  economy.  He 
alfo  difcovered  that  this  red  powder  was  redu- 
cible into  mercury  by  the  ahtion  of  fire;  that 
the  metal,  by  changing  its  form  in  this  man- 
ner, acquired  alfo  fixity  ; but  he  fuppofed  the 
caufe  of  this  change,  which  he  admitted  only 
in  the  form,  to  proceed  from  the  fire,  which 
paffed  through  the  veffeis.  In  treating  of  this 
fubjehi  he  has  contented  himfelf  with  combat- 
ing the  prétendons  of  the  alchemifts,  and  af- 
fecting that  the  mercury,  in  this  cafe,  was  con- 
verted neither  into  gold  nor  filver.  The  com- 
plete oxidation  of  mercury  into  the  red  oxide 
has  long  been  a very  tedious  and  embarrafling 
operation  in  chemical  laboratories  ; it  was  for- 
merly neceffary  to  employ  feveral  entire  months 
in  order  to  obtain  a flight  portion  of  this  oxide; 
at  prefen t wefucceed  much  more  eafilv  by  means 
of  a very  fimple  apparatus.  As  the  volatility 
of  mercury  is  the  obftacle  to  its  complete 
combuftion,  fmce  it  cannot  take  place  unlefs 
it  be  raifecl  to  a temperature  fufficient  to 
make  it  boil,  chemiffs  have  contrived  to  give 
it  a fufficient  contact  with  the  air  to  ena- 
ble it  to  abforb  the  oxigen  requifite  to  its 
oxidation,  without  affording  it  an  aperture 
fufficiently  large  to  admit  of  its  being  diffi- 
pated  in  the  atmofphere.  For  this  purpofe  we 
take  flat-bottomed  matraffes,  into  which  we 
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introduce  of  very  pure  mercury  as  much  as 
will  entirely  cover  the  whole  lower  furface  with 
a ftratum  two  or  three  centimetres  in  depth. 
The  neck  of  thefe  veifels  is  then  drawn  at  the 
lamp  till  it  is  reduced  almoft  to  a capillary 
tube,  and  its  extremity  is  broken  in  order  to 
open  a flight  communication  with  the  air.  The 
matraffes  are  placed  in  a fand-bath,  in  which 
they  are  immerfed  as  far  as  the  place  to  which 
the  mercury  rifes  ; a fufticient  heat  is  applied 
to  make  the  mercury  boil  gently,  and  in  this 
ftate  it  is  conftantly  kept.  The  metal  rifes  in 
vapours,  but  falls  back  again,  except  the  fmall 
portion  which  adheres  to  the  fldes  of  the  ma* 
trafs.  After  fome  hours,  the  furface  of  the 
mercury  affumes  a manifeftly  black  colour,  in 
confequence  of  the  commencement  of  oxida- 
tion which  it  undergoes  ; after  it  has  been  con- 
tinually expofed  to  the  fire  for  fome  days,  red 
particles  are  obferved  on  its  furface,  which 
gradually  increafe  in  quantity,  and  at  length 
entirely  cover  it  ; the  motion  of  ebullition 
keeps  them  feparate,  and  impels  them  to  the 
fldes,  where  they  accumulate,  as  they  are 
formed  without  interruption.  When  the  mo- 
tion  is  not  too  violent,  feveral  particles  of  red 
oxide  collect  and  form  tranfparent  cryftals  of 
a ruby  colour,  which  appear  to  be  octahedrons, 
or  elongated  quadrangular  pyramids.  Almoft 
all  the  mercury  introduced  into  the  matrafs 
may  be  converted  into  red  oxide,  by  contain- 
ing the  operation  for  feveral  months  in  fuc- 
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ceffion.  It  is  procured  in  fufficient  abundance 
by  placing  a great  number  of  thefe  (mail  ma- 
traffes  in  a large  fand-bath  ; the  operation  goes 
on  much  more  rapidly  and  the  cryftals  of  the 
oxide  are  much  more  perfe&ly  formed,  and 
more  brilliant,  if  we  caufe  pure  oxigen  gas, 
extracted  from  the  fuper-oxigenated  muriate  of 
pot-afh,  to  pafs  into  the  matraffes. 

44.  The  red  oxide  of  mercury  obtained  in 
this  manner  contains  nearly  a tenth  part  of 
its  weight  of  oxigen,  according  to  the  re- 
fearches  of  Lavoifier.  It  is  not  only  very 
acrid,  purgative,  and  emetic,  as  Boerhaave  ob- 
lerved,  but  alio  cauftic  and  corrofive  ; it  is  a 
medicine  fo  violent  in  its  effeéls,  that  it  ought 
to  be  reckoned  amongfl  the  poifons.  If  we 
heat  it  in  open  veffels,  it  fublimes  into  a tranf- 
parent  vitriform  lu  bit  an  ce,  of  the  moft  beauti- 
ful ruby-red  colour.  When  it  is  gently  heated, 
and  conflantly  agitated  in  the  air,  it  becomes 
brown,  and  nearly  of  the  colour  of  tobacco. 
When  flrongly  heated  in  dole  veffels,  in  the 
pneumato-chemical  apparatus,  it  yields  pure 
oxigen  gas,  and  is  reduced.  It  was  by  this 
experiment  that  Dr.  Prieftley,  made  the  cele- 
brated and  ufeful  difcovery  of  this  gas,  in  the 
year  1774  ; and  it  is  upon  the  inveffigation  of 
this  reduction,  compared  with  the  inverfe  ex- 
periment of  the  decompofition  of  the  air,  its 
alteration,  and  its  partial  obforption  by  the 
metals,  which  increafeproportionably  in  weight, 
that  Lavoifier  has  laid  the  firft  foundations  of 
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the  pneumatic  doCirine.  This  is  therefore  a 
very  interefting  oxide  to  chemifts,  as  it  has 

been  the  fource  of  one  of  the  moft  iiluftrious 

\ 

difcoveries,  and  one  of  the  moft  important 
truths  which  our  age  can  boaft.  Whenever 
we  carefully  obferve  the  phenomena  of  its  re- 
duction, performed  with  caution,  we  fee  it  grow 
brown  in  proportion  as  it  gives  out  its  oxigen 
in  the  form  of  gas  ; and  there  frequently  re» 
main  fome  particles  of  black  oxide  in  the  vef- 
fel  which  has  been  ufed  for  this  operation  : the 
mere  contaCt  of  the  light  of  the  fun,  continued 
for  a long  time,  is  fufficient  to  effeCt,  or  at 
lead;  to  commence  this  reduction  ; this  contaCt 
caufes  it  to  pafs  again  to  the  brown,  the  orange, 
and  the  yellow  colour. 

45.  We  have  a new  and  ftrong  proof,  both 
of  the  difference  of  the  two  oxides,  the  black 
and  the  red,  which  are  obtained  by  the  im- 
mediate combuftion  of  the  mercury,  and  of 
the  fuperior  if  length  of  attraction  of  the  fir  ft 
portion  of  this  principle  over  that  of  the  fe« 
cond,  in  the  relinquifhing  of  this  laft  por- 
tion, of  that  which  caufes  the  oxide  to  pafs 
from  the  black  to  the  red  ftate  ; which 
this  oxide,  in  the  laft-mentioned  ftate,  makes 
to  running  mercury  when  triturated  toge- 
ther with  it.  I have  found,  that  by  this  tri- 
turation, the  running  mercury  foon  lofes  its 
luftre,  its  metallic  ftate;  its  fluidity  is  ex= 
tinguifhed,  according  to  the  common  ex= 
preffion,  and  by  caufing  the  red  oxide  to  pafs 
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to  the  brown  or  blackiih  (late,  fhows  that  it 
divides  with  it  the  portion  of  oxigen  in  queft 
tion.  Moreover  we  fha.ll  fee,  by  feveral  fadts 
"which  fli all  be  mentioned  hereafter,  that,  in 
the  oxide  of  this  metal,  the  oxigen  poffeffes 
but  little  folidity,  having  loft  only  a fmall  por- 
portion  of  its  folvent  caloric  ; that  it  is  oil  this 
account  that  its  formation  is  io  tardy,  and 
that  it  is  fo  readily  decompofed,  and  fo  eafily 
relinquifhes  its  oxigen  ; that  it  adheres  fo 
flightly  to  it,  that  it  abandons  this  principle 
to  a great  number  of  other  combuftible  fub- 
ftances,  and  fo  eafily  and  violently  inflames 
feveral  of  thefe,  efpecially  fome  of  the  metals, 

as  zinc,  tin,  &c. 

F.  Union  with  Combiijlible  Bodies, 

46.  Mercury  contrats  no  union  with  azote, 
hidro  gen  anc}  carbon  : we  know  of  no  azo- 
turet,  hidrurët,  or  carburet  of  mercury  ; but 
the  two  lafl  mentioned  combuftible  fubftances 
ad  fenfibly  upon  its  red  oxide.  Hidrogen 
kept  long  in  contact  with  this  oxide  in  the 
cold,  colours  it  by  degrees,  and  caufes  it  to 
pafs  into  the  ftate  of  black  oxide.  TL his  ex- 
periment fucceeds  much  more  quickly  by 
heat.  If  we  caufe  hidrogen  gas  to  pafs 
through  a tube  containing  red  oxide  of  mer- 
cury, heated  to  the  fir  ft  point  of  ignition 
a detonation  takes  place;  the  mercury  pafles 
into  the  metallic  ftate,  fome  remains  of  black 
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oxide  are  left  in  the  tube,  and  the  water  that 
has  been  formed  is  difengaged.  This  detona- 
tion proves  that  the  oxigen  which  faturates  the 
mercury  is  not  in  a very  folid  ftate,  and  that 
it  retains  a large  portion  of  its  original  folvent 
caloric,  which  feparates  in  its  union  with  the 
hidrogen. 

4 7.  Carbon  does  not  reduce  the  oxide  of 
mercury  unlefs  bv  the  aid  of  heat.  This 
operation,  which  affords  carbonic  acid  gas 
and  running  mercury,  is  one  of  tliofe  which 
ought  to  be  repeated  with  the  greateft  care  in 
experiments  performed  for  the  purpofes  of  de- 
monftration,  as  it  is  one  of  thofe  which  prove 
moft  inconteftibly,  and  at  the  fame  time,  the 
exiftence  of  oxigen  in  the  metallic  oxides, 
the  proportion  and  nature  of  the  carbonic  acid, 
and  the  refpective  quantities  of  this  principle 
and  of  carbon,  which  enter  into  the  compofition 
of  the  gafeous  acid  produced.  By  means  of  a 
Ample  calculation,  it  may  be  performed  in  fo 
exadt  a manner,  that  no  carbon  ihall  be  left 
behind,  and  the  whole  mixture  fliall  be  con- 
verted into  pure  running  mercury  and  car- 
bonic acid  gas. 

48.  Fhofphorus  does  not  unite  with  mercury 
without  great  difficulty,  and  only  by  parti- 
cular management. 

A.  Pelletier  having  expofed  upon  a fand- 
bath,  for  a fpace  of  nearly  three  months,  a 
final  1 matrafs  half  full  of  water,  at  the  bottom 
of  which  he  had  put  equal  parts  of  mercury 
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and  phofphorus,  which  remained  always  fufed 
by  means  of  the  temperature  of  the  bath,  and 
which  lie  agitated  from  time  to  time,  thefe  two 
fubftances  formed  no  union  with  each  other, 
but  remained  feparate.  The  lower  part  of  the 
concrete  phofphorus  which  relied  upon  the 
mercury,  having  become  brilliant  and  of  a 
filver  colour  by  the  adhelion  of  this  metal  to 
its  furface,  announced,  however,  the  exiftence 
of  an  attraction  between  thefe  two  bodies,  and 
induced  Pelletier  to  attempt  their  combination 
by  other  procefles. 

Ii  Having  put  equal  parts  of  phofphorus 
and  mercury  into  a fmall  retort,  he  diftillecl 
till  a fmall  quantity  of  phofphorus  palled  over, 
after  which,  he  fuffered  the  apparatus  to  cool. 
The  retort  being  broken,  exhibited  the  mer- 
cury and  the  phofphorus  feparate,  and  without 
any  combination. 

C.  Equal  parts  of  phofphorus  and  red  oxide 
of  mercury,  (about  eight  grammes  of  each  in 
all  thefe  experiments)  being  covered  with  a 
fmall  quantity  of  water  in  a matrafs,  were  ex- 
pofecl  to  the  heat  of  a fand-bath,  and  ftirred 
from  time  to  time  ; the  oxide  loon  became 
blackifh,  and  united  with  the  phofphorus  ; the 
water  contained  phofphoric  acid.  Pelletier  con- 
fiders  the  black  powder  to  be  mercury  in  a ftate 
of  divifion,  and  conceives  this  divifion  to  be 
necelfary  to  the  phofphoration  : it  is  very 
poffible  that  this  metal  might  have  become  phos- 
phorated in  its  ftate  of  black  oxide. 

D.  The 
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b.  The  phofphuret  of  mercury  thus  formed, 
becomes  foft  in  boiling  water,  and  allumes  con- 
fidence in  the  cold  : when  kept  in  very  hot  water, 
after  having  been  inclofed  in  chamois  leather, 
and  (lightly  preffed,  a fmall  quantity  of 
transparent  phofphorus  was  feparated.  What 
remained  in  the  (kin  was  folid  black  mercurial 
phofphuret,  which  could  be  cut  with  a knife, 
containing  in  its  interior  part  uncombined 
globules  of  mercury.  When  heated  in  a cliftill- 
ing  apparatus,  it  is  decompofed,  and  yields 
phofphorus  and  mercury  in  a feparate  hate. 
Expofed  to  a dry  atmofphere,  it  diffufes  white 
vapours  that  have  a phofphoric  fmell.  There 
exifts,  therefore,  no  very  intimate  union  be- 
tween the  mercury  and  phfcfphorus. 

49*  Mercury  unites  very  readily  with  fulphur, 
both  by  fimple  trituration  in  the  cold,  and  by 
the  action  of  the  fire.  When  we  triturate  this 
liquid  metal  with  two  parts  of  fulphur,  we  foon 
perceive  the  murcury  to  diiappear,  become  ex- 
tinguished, allume  and  give  to  the  fulphur  a 
black  colour,  on  which  account  this  preparation 
was  formerly  termed  Ethiops  Mineral. 

The  mere  inflection  of  the  experiment  is 
fufficient  to  fli-ow  that  in  this  operation  the 
mercury  is  converted  into  the  ftate  of  black 
oxide,  and  that  the  fame  holds  good  in  its 
combination  with  fulphur,  as  in  that  with 
phofphorus  of  which  I have  juft  treated  ; 
namely,  that  it  unites  with  it  only  in  the  ftate 
of  black  oxide.  When  the  mercury  has  entirely 
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loft  its  form  and  metallic  luffre  ; when  it  is  en- 
tirely converted  into  an  uniform  and  homo* 
geneous  black  powder,  which  grows  blacker  and 
blacker  by  the  contaél  of  the  air,  the  operation 
is  completed  ; the  black  fulphuret  of  mercury 
is  prepared.  In  order  to  prove  that  in  this 
trituration  fomqthing  more  than  a fimple  mix- 
ture takes  place,  that  the  fulphur  actually  com- 
bines with  and  adheres  to  the  mercury,  Che- 
mifts  have  obferved,  that  they  cannot  be  fe- 
parated  except  by  chemical  means,  and  with 
the  aid  of  the  attraction  of  feveral  other  bodies. 
Notwdthftandinp-  this  commencement  of  com- 

o 

bination,  a ftrong  magnifying’  glafs  enables  us 
to  diftinguifli  oblong  globules  of  mercury  in 
the  black  fulphuret  formed  in  the  cold,  and  by 
fimple  trituration  : it  whitens  gold  when  rubbed 
upon  it;  it  diffufes  a fetid  fmell,  and  yields  a 
black  pellicle  when  treated  with  the  liquid 
alkalis  ; it  contains  more  fulphur  than  the  fol- 
lowing, and  the  two  fubftances  which  compofe 
it  are  lefs  adhering,  lefs  intimately  combined 
with  each  other. 

50.  When  we  throw  mercury  in  a hate  of 
very  minute  divifion,  by  prefling  and  caufmg  it 
to  fall  in  a fhower,  through  chamois  leather  into 
an  equal  quantity  of  fufed  fulphur,  and  agitate 
the  mixture,  the  black  oxidation  of  the  mer- 
cury, and  its  combination  with  the  fulphur^ 
which  affumes  the  fame  colour,  take  place  very 
fpeedily.  We  muft  ftir  the  mixture  without  in- 
terruption, remove  the  mixture  from  the  fire, 
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when  thé  mercury  has  almoll  intirely  clifap* 
peared,  and  continue  to  ftir  it  after  it  has  been 
taken  off  the  fire,  till  by  refrigeration  and  agi- 
tation, the  whole  is  converted  into  fmall  clots  ; 
thefe  are  pounded  in  a mortar  into  a fine  pow- 
der, which  is  palfed  through  a fine  fieve,  and 
prelerved  under  the  name  of  black  fulphuret  by 
jive,  or  Ethiops  mineral  by  fufion . All  che- 
mifhs  agree  in  alferting,  that  in  this  fulphuret, 
the  fulphur  and  the  mercury  are  more  intimate- 
Iv  combined  than  in  that  which  is  made  in  the 
cold.  Wallerius  alfumed,  as  its  charafteriftics  of 
diftinftion  from  the  former,  its  not  whitening 
gold,  its  containing  lefs  fulphur,  its  not  pre- 
fenting  globules  of  mercury  vifible  by  the  mag* 
nifying  glafs,  but  Ihining  and  radiated  parti* 
des,  like  a fulphureous  ore;  its  not  forming 
pellicles,  and  its  diffufing  a much  weaker 
fmell  when  fubjefted  to  the  aftion  of  alkaline 
leys.  It  is  obferved,  moreover,  in  preparing 
it,  that  this  combination  made  by  the  aftion 
of  fire,  is  very  fufceptible  of  inflammation  ; 
and  when  this  takes  place,  it  is  extinguifiied  in 
order  to  preferve  its  ftate  of  black  fulphuret  ; 
otherwife  it  would  pafs  into  the  violet,  and 
allume  the  charafter  of  the  red  fulphuret. 

51.  A black  fulphuret  of  mercury  is  alfo 
formed  by  triturating  the  red  oxide  of  mercury 
* for  forne  time  with  fulphur.  We  mull  be  cau- 
tious not  to  heat  this  mixture  too  much  when 
We  wifh  to  promote  it  by  the  aftion  of  fire  ; for 
it  is  fufceptible  of  detonation,  according  to  the 
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periments  of  Bay  en,  who  has  made  all  the 
oxides  of  mercury  fulminate,  indeed  by  afmall 
quantity  of  fulphur,  and  by  heating  them 
ftrongly.  The  fame  combination  into  black 
fulphuret  takes  place  alfo  when  we  agitate  mer- 
cury in  water  charged  with  fulphurated  hidro- 
gen  gas,  as  I have  difcovered  in  analyzing  the 
water  of  Montmorency  ; by  treating  the  red  ox- 
ide of  mercury,  or  precipitating  its  acid  folu- 
tions,  by  the  fame  water,  or  by  the  alkaline 
hidro-fulphurets.  It  is  therefore  evident  that, 
whether  we  take  running  mercury,  or  treat  the 
mo  ft  perfect  oxides  of  mercury  with  fulphur  in  a 
hate  of  divifion,  this  metal  always  paffes  into  the 
hate  of  black  oxide,  in  order  to  combine  with 
the  fulphur.  In  the  firh  cafe,  it  abforbs  from 
the  air  about  a twentieth  part  of  its  weight 
of  oxigen,  which  it  requires  for  its  conversion 
into  the  hate  of  black  oxide  ; in  the  fécond 
cafe,  it  lofes,  on  the  contrary,  all  that  it  con- 
tains of  this  principle,  exceeding  one-twentieth 
part  of  its  weight  only,  which  it  requires  in 
order  to  unite  with  the  fulphur  : hence  it  is  con- 
cluded that  the  Ethiops  mineral  of  the  ancient 
chemihs  is  really  the  fulphurated  black  ox- 
ide of  mercury . 

52.  The  rapidity  with  which  running  mer- 
cury becomes  oxidated,  and  abforbs  the  twen- 
tieth part  of  its  weight  of  oxigen,  at  the  mo- 
ment when  it  is  combined  with  fulphur,  proves 
that  in  this  combination  its  attraction  for  the 
principle  of  combüftion  is  increafed  ; it  does 
• v not 
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not  even  remain  in  this  firft  degree  of  oxida- 
tion,  when  the  temperature  of  the  fulphurated 
black  oxide  of  mercury  is  railed.  When  we 
heat  this  compound  in  an  open  veffel,  the  fub 
phur  which  exifts  in  it  in  a hate  of  very  minute 
divifion,  and  which  is  confequently  very  much 
difpofed  to  burn,  foon  inflames  and  is  converted 
into  fulphureous  acid  vapour;  the  mercury  at 
the  fame  time  experiences  a higher  degree  of 
oxidation,  and  after  having  loft  the  greater  part 
or  its  fulphur,  fo  as  to  retain,  to  all  appear- 
ance, not  more  than  an  eighth,  or  even  a tenth 
of  its  weight,  it  paffes  into  the  ftate  of  a pow- 
der of  a very  deep  violet  colour,  when  the  corn- 
buftion  of  the  more  abundant  portion  of  the 
fulphur  contained  in  the  fulphurated  black  ox- 
ide of  mercury  has  cea  fed.  If  in  this  ft  ate  of 
violet  powder  we  heat  the  compound  thus 
modified,  in  a matrafs,  with  a ftrong  fire,  it 
fublimes  into  a cake  of  a deep  ihinino*  red  co- 
lour,  exhibiting  eryftals  in  the  form  of  needles, 
which  in  the  ancient  nomenclature  was  termed 
artificial  cinnabar,  becaufe  it  very  much  refem- 
bles  the  natural  cinnabar,  and  which  I term  the 
red  fulphurated  oxide  of  mercury.  The  au- 
thors of  chemical  proceffes  vary  anion  g ft  them- 
ft' Ives  with  refpedt  to  the  mode  of  preparing 
this  compound.  That  which  fucceeds  the  be  ft 
and  yields  the  fmeft  product,  has  been  deftribed 
by  Vrogek  Seven  parts  of  mercury,  palled 
through  leather,  are  mixed  with  one  part 
pf  fufed  fulphur  in  an  earthen  veffel,  a'nd  the 
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mixture  is  well  ftirred  till  it  is  completely  con- 
verted into  black  fulphurated  oxide.  This  fill- 
phuret  is  put  into  a phial,  or  rather  a matrafs, 
which  is  placed  in  a crucible  containing  hand, 
and  this  is  gradually  heated  till  the  fire  a6is 
upon  it  with  fufficient  force,  and  till  the  matter 
is  perceived  to  be  fublimed  in  the  upper  part  of 
the  glafs  veflel.  It  is  then  removed  from  the 
crucible,  and  after  it  has  been  broken,  we  find 
a red  mafs  in  the  form  of  needles,  the  colour  of 
which  is  the  more  brilliant  and  beautiful  the 
ftronger  the  operation  of  the  fire  has  been,  and 
the  lefs  fulphur  the  mercury  retains.  It  is 
fuperfluous  to  rectify  this  red  fulphurated  oxide 
of  mercury,  and  efpecially  to  repeat  this 
tedious,  difficult,  and  expenfive  operation,  fix 
or  feven  times  in  fucceffion,  as  fome  chemifts 
recommend  ; for  when  it  has  been  Avell  per- 
formed, the  product  is  very  beautiful  and  pure 
after  the  firft. 

53.  Chemical  authors  differ  greatly  in  their 
opinions  refpeéfing  the  proportions  of  the  prin- 
ciples of  the  artificial  cinnabar . Lemery  be- 
lieved it  contained  fulphur  in  the  proportion 
of  one  part  to  two  of  mercury  ; Cartheufer  in 
that  of  1 to  7T  ; Mender  of  1 to  30  ; Macquer 
of  1 to  7 or  8.  Hence,  fome  chemifts  have 
imagined  that  this  compound  might  vary  ac- 
cording to  the  relative  quantities  of  fulphur 
and  mercury  employed  in  the  preparation  of 
the  Ethiops  mineral , with  which  it  is  fabri- 
cated. What  is  prablifed  in  this  particular  in 
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the  manufactories  of  Holland,  proves  that  ful- 
phur  exifts  in  the  proportion  of  lets  than  a 
tenth  in  this  preparation,  when  it  has  the  quality, 
which,  on  account  of  its  fine  colour,  is  in  re- 
queil  in  the  arts.  Tuckert,  a Dutch  apothe- 
cary, has  defcribed  in  Crell’s  Journal  the  pro- 
cefs  of  fabrication  employed  in  a laboratory  at 
Amfterdam,  in  which  a great  quantity  of  it  was 
prepared.  This  procefs  has  been  publifiied  in 
the  French  Annals  of  Chemiftry,  Tom.  IV. 
p.  25.  The  black  fulphurated  oxide  of  mer- 
cury is  firfi:  prepared,  by  mixing  150  parts  of 
fulpliur  with  1080  of  mercury,  expofing  this 
mixture  to  a moderate  fire,  in  a flat  poliflied 
iron  pan  ; it  is  then  beat  fmall  and  put  into 
fmall  - earthen  flaiks,  intended  for  pouring  the 
matter,  in  feparate  portions,  into  the  apparatus 
in  which  the  red  fulphurated  oxide  of  mercury 
is  prepared.  This  apparatus  conflits  of  three 
large  earthen  jars,  previoufly  covered  on  the 
outfide  with  dried  lute,  and  placed  in  furnaces 
fo  that  the  flame  circulates  freely  round  the 
jars.  In  the  eyening  a turf  fire  is  kindled  under 
the  vefiels,  fo  as  to  heat  their  bottoms  to  red- 
nefs  ; when  they  are  red,  the  contents  of  one 
flaik  is  thrown  into  the  fir  ft  jar,  that  of  the 
fécond  into  the  fécond,  that  of  another  into 
the  third,  and  in  this  manner  they  continue 
fucceffively  to  pour  into  each  of  them  to  the 
amount  of  two  or  three  flaiks  at  a time,  accord- 
ing to  the  violence  and  rapidity  of  the  inflam- 
mation ; for  the  black  fulphurated  oxide  of 
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mercury  at  this  red  heat,  kindles  inftantane- 
oufly,  and  the  flame  frequently  rifes  to  the 
height  of  one,  and  even  two  metres  above  the 
jars.  When  this  inflammation  has  fubfided  a 
little,  each  jar  is  clofed  with  a plate  of  caft 
iron,  which  tits  it  exaélly.  The  operation  of 
pouring  the  matter  into  the  jars,  occupies 
thirty-four  hours,  and  each  of  thefe  veffels 
contains  410  parts  of  matter;  namely,  36()  of 
mercury  and  50  of  fulphur.  The  heat  is  kept 
up  under  the  veffels  till  the  whole  of  the  matter 
is  fub limed,  which  requires  the  Are  to  be  kept 
burning  for  thirty- fix  hours  : the  fire  is 
moderated  according  to  the  height  of  the  flame 
which  appears  when  the  cover  is  taken  off  ; the 
operation  proceeds  as  it  ought,  when  this  flame, 
though  fufficiently  brifk,  does  not  rife  to  more 
than  9 or  12  centimetres  height  above  the 
mouth  of  the  jars  : during  this  time,  the  matter 
is  ltirred  every  half  hour  with  an  iron  rake. 
When  the  operation  is  completed  and  the  jars 
have  cooled,  they  are  removed,  together  with 
the  circles  which  fupport  them  ; they  are  then 
broken  in  pieces,  and  in  each  are  found  400 
parts  of  red  fulphurated  oxide,  ten  parts  being 
loft  in  each  jar.  The  workmen  alfured  Mr. 
Tuckert,  that  they  had  never  met  with  any 
accident  in  performing  this  operation,  during 
thirteen  years  that  they  had  been  employed  in 
the  eftabliihment. 

54.  The  circumffanees  of  this  procefs  feem  to 
me  to  prove  alfo  that  the  mercury  is  oxidated 
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in  the  artificial  cinnabar;  and  this  opinion  is^ 
befides  fupported  by  lèverai  other  fafts  be- 
longing to  the  preparation  of  this,  compound» 
TV  hen  ever  we  agitate  miming  mercury  in  a 
folution  of  hidrogenated  ammoniacal  fuîphuret, 
or  of  hidro-lulphuret  of  ammonia,  or  precipi- 
tate a folution  of  this  metal  by  means  of  either 
of  thefe  compounds,  we  have  at  firft  a black 
fulphurated  oxide  of  mercury;  but  by  being 
left  to  hand  for  fome  hours  in  the  liquid,  this 
fiib fiance  foon  alfumes  a brilliant  and  magni- 
ficient  led  colour.  I be  fame  phenomenon  takes 
place  with  the  fulphurets  with  bafes  of  fixed 
alkalis  or  earth,  but  lcfs  fpeedily  than  with  that 
which  has  ammonia  for  its  bafis,  and  the  red 
colour  is  never  equally  beautiful,  but  it  re- 
mains of  a pale  brown,  or  dull  brick  colour. 
It  has  already  been  proved,  that  in  thefe  oper- 
ations, the  meicuiy  does  not  pais  from  its  me- 
tallic into  the  black  hate,  otherwife  than  by 
a commencement  of  oxidation.  It  is  evident, 
that  in  palling  from  the  black  to  the  red,  it 
becomes  more  oxidated,  and  that  it  is  'the 
oxigen  which  imparts  to  it  the  red  colour  by 
which  it  is  diftinguifhed  ; I have  therefore 
thought  I ought  to  term  it  the  red  fulphurated 
oxide  of  mercury. 

55.  The  charahteri ft ic  properties  of  this  com- 
pound are  of  themftlves  fufficient  to  prove  the 
oxidated  ftate  of  the  mercury  which  it  con- 
tains. It  is  unalterable  by  the  air;  when  heated 
in  a clofc  veflel,  it  fublimes  without  decompofi- 
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tion  ; when  gently  and  gradually  heated  m 
an  open  veffel,  the  fulphur  is  volatilized,  and 
the  reduced  mercury  is  completely  diffipated  ; 
this  is  what  takes  place  when  it  is  employed  in 
fumigations  ; it  does  not  colour  nor  whiten  gold; 
the  acids  do  not  attack  it,  though  they  have 
m general  the  property  of  diffolving  the  ful- 
phurated  metals.  If  fome  of  them  diffolve  it 
in  courfe  of  time,  they  do  it  without  motion 
or  effervefcence,  as  they  would  dilfolve  an 
oxide  of  mercury.  Lime,  the  alkaline  earths 
in  general,  and  the  alkalis  decompofe  it; 
they  abforb  from  it  the  fulphur,  and  feparate 
the  mercury,  which  is  reduced  and  volatilized, 

«y  ' 

loling  at  the  fame  time  its  oxigen  by  the 
heat  which  is  employed  for  this  diftillation. 
Cobalt,  bifmuth,  antimony,  tin,  iron  and  cop- 
per poifefs  the  property  of  feparating  the  mer- 
cury from  it  by  obforbing  the  fulphur.  We 
find  alfo  that  thefe  metals  are  the  fame  as 
deprive  mercury  of  oxigen,  and  confequently 
reduce  its  oxide.  If  even  it  has  been  found 
that  filver  difengages  the  mercury  from  cin- 
nabar, and  it  has  thence  been  inferred  that 
its  attraction  for  fulphur  is  fuperior  to  that 
of  mercury  ; but  it  was  not  perceived  that 
this  proceeded  only  from  a triple  attrac- 
tion exerted  in  this  operation  ; namely,  that 
of  the  caloric  for  the  oxigen  and  the  mercury, 
and  that  of  the  filver  for  the  fulphur,  with 
which  it  unites  in  proportion  as  the  difoxidated 
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mercury  abandons  it,  and  is  no  longer  capable 
of  remaining  in  combination  with  it. 

66.  In  the  preparation  of  the  oxide  of  mer- 
cury by  the  humid  way,  which  is  effected  by 
agitating  the  running  metal,  efpecially  in  the 
hidrogenated  fulphuret  of  ammonia,  it  is  pof- 
fible  that  a portion  of  the  fulphurated  hidro- 
gen may  unite  with  the  oxide  of  the  metal 
which  is  formed,  and  that  the  cinnabar  ob- 
tained by  this  procefs  may  differ  from  that 
which  is  prepared  in  the  ordinary  way.  This 
Subject  well  deferves  a particular  investigation. 
It  can  not  be  doubted,  alfo,  that  when,  in  pre- 
cipitating a folution  of  mercury  in  an  acid, 
the  oxide  returns  to  the  black  State,  a lame 
portion  of  the  oxigen  which  it  lofes  is  trans- 
ferred to  the  fulphurated  hidrogen  ; and  that 
it  is  on  this  account  that  the  water,  which 
holds  this  fulphurated  hidrogen  in  folution, 
like  the  fulphurets  hidrogenated  with  the  li- 
quid alkaline  fulphurets,  which  afford  a like 
refult  with  the  mercurial  faits,  lofe  their  fetid 
fmell  at  the  moment  when  they  form  black 
fulphurated  oxide  of  mercury. 

67»  Mercury  unites  with  many  metallic  fub- 
ftances;  it  diffolves  them,  foftens  them,  and 
forms  with  them  combinations  which  are  term- 
ed amalgams  : thefe  poffefs  greater  folidity,  in 
proportion  as  the  quantity  of  foreign  metals 
which  they  contain  is  greater  than  that  of  the 
mercury.  Though  the  a&ion  of  fire  in  general 
decompofes  them,  and  Separates  the  mercury 
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which  becomes  volatilized,  yet  this  metal  is 
rendered,  by  this  combination,  a little  more 
fixed  than,  in  its  natural  hate,  and  it  is,  fre- 
quently very  difficult  to  feparate  from  it  tne 
laft  portions  of  the  foreign  metal.  Moft  of 
thefe  amalgams  are  fufceptible  ot  cryftalliza- 

tion. 

58»  As  we  can  in  this  place  confidei  the 
union  of  mercury  with  thofe  metals  only  of 
which  we  have  already  treated,  we  ffiall  con- 
tent ourfelves  with  describing  that  which  it 
forms  with  arfenic,  bifrnuth  and  antimony,  ob- 
ferving  at  the  fame  time  that  it  has  not  been 
found  practicable  hitherto  to  combine  it  with 
cobalt,  nickel  and  manganefe,  and  that  it  has 
never  been  attempted  to  combine  it  with  tung- 
hen,  molybdena,  chromium,  titanium  and  ura- 
nium, which  are  as  yet  fo  little  known,  as  we 
have  feen  in  the  preceding  articles,  and  for  the 
greater  part  very  difficult  to  be  reduced  and 
obtained  in  the  metallic  hate,  and  hitherto  fo 
fparingly  met  with. 

59.  Wallerius  doubted  the  poffibility  of  com- 
bining arfenic  with  mercury  in  the  form  of  an 
amalgam  ; but  Bergman,  in  bis  dihertatfon  011 
arfenic  has  fpoken  in  pohtive  terms  of  this 
combination,  in  the  year  17/  7.  Meicuiy,  ac- 
cording to  him,  diflolves  ai feme  with  the  aid  oi 
hre  and  continual  agitation  applied  for  feme 
hours;  and  forms  with  it  a grey  amalgam. 
The  arfenic  may  he  difengaged  from  it  by  the 

adtion  of  heat,  but  carries  with  it  a poition 
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of  the  mercury.  Lehman  aile  its,  that  the  oxide 
of  arfenic  alfo  combines  with  mercury,  and 
that,  after  it  has  been  diftillecl  with  this  metal, 
a grey  powder  compofed  of  tliefe  two  metals 
is  left  at  the  bottom  of  the  crucible.  He  tells 
us  that  when  thefe  two  fublimed  fubftances  are 
re-dihilled,  a new  quantity  of  this  arfenico- 
mercurial  powder  is  always  obtained.  Henckel 
had  already  afferted,  in  his  pyritologia,  that 
mercury  might  ferve,  like  fixed  alkali,  for 
purifying  arfenic  ; but  it  is  not  eafy  to  con- 
ceive well  what  authors  mean  by  this,  as  it  is 
certain  that  arfenic  combined  with  ox  men  can- 

O 

not  yield  any  of  it  to  mercury,  nor  form  any 
union  with  this  metal. 

bO.  Bifmuth  is  one  of  the  brittle  metals 
which  combine  mofteafily  with  mercury.  Pott 
lays,  that  by  triturating  pulverized  bifmuth 
with  mercury  and  a fmall  quantity  of  water, 
we  may  form  them  into  amalgam  ; but  it  fuc- 
ceeds  better  when  we  pour  upon  one  part  of 
fufed  bifmuth  two  parts  of  heated  mercury, 
and  agitate  the  mixture;  by  this  means  we 
obtain  an  amalgam  of  confiderable  fbftnefs, 
which  becomes  hard  when  it  is  kept  for 
ioine  time.  Pott  even  allures  us,  that  mercury 
and  bifmuth  feparate  fpontaneoufly,  and  that 
the  latter  affumes  the  form  of  powder.  The 
whole  of  this  fluid  amalgam  paffes  through 
leather.  Since  the  time  of  Pott,  it  has  been 
found  that  the  amalgam  of  bifmuth  is  capa* 
hie  of  cryitallizing  into  pyramids  with  four 
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faces,  which  fometimes  unite  into  oftahedronsj 
it  is  alfo  fometimes  in  thin  lamellæ,  without  any 
regular  form.  The  cryftallization  takes  place 
when  we  filter  this  amalgam  to  cool  flowly, 
after  having  fufed  it,  When  it  is  heated  in  a 
retort,  it  does  not  give  out  the  mercury  which 
is  combined  with  it,  without  much  difficulty. 

61.  Mercury  does  not  unite  with  antimony 
in  the  cold  ; in  heat,  and  when  the  anti- 
mony is  well  fufed,  if  we  mix  it  with  thrice 
its  weight  of  pretty  hot  mercury,  we  obtain, 
according  to  \ V aller i u s,  a foft  amalgam,  of 
little  durability,  which  is  eafily  decompof- 
ed.  The  fame  chemift  has  obferved,  that  by 
triturating  mercury  for  a long  time  with  an- 
timony, the  latter  is  feparated  from  the  for-  . 
mer  in  the  form  of  powder  : it  is  undoubtedly 
on  account  of  the  difficulty  of  forming  this 
combination,  and  alfo  of  the  facility  with 
which  it  is  fpontaneoufly  decompofed,  that 
molt  chemifts,  fince  Wallerius,  affert  almoft  un- 
animoully  that  antimony  does  not  Combine 
with  mercury  ; the  fame  is  alfo  the  cafe  with 

the  fulphuret  of  antimony. 

' 62.  The  oxide  of  mercury  is  decompofed  by 
a great  number  of  metals,  which  have  more 
attraction  than  it  has  for  oxigen,  and  which 
deprive  it  of  this  principle.  Frequently,  even 
by  heating  them  in  filings  with  the  red  oxide 
of  mercury,  thefe  metals  inflame  in  proportion 
as  they  take  away  the  oxigen  from  the  mer- 
cury which  they  are  able  to  contain  in  a more 

folid 


MERCURY. 


431 


iol id  ftate,  and  with  which  they  unite  more  . 
intimately.  The  fame  are  alio  the  habi- 
tudes  of  arfenic,  bifmuth,  and  efpecially  anti- 
mony. When  we  heat  them  ftrongly,  with 
thrice  or  four  times  their  weight  of  red  oxide 
of  mercury,  we  foon  obferve  a great  number 
of  fparks,  and  as  it  were  a fpecies  of  detona- 
tion in  the  veil'd,  which  becomes  filled  with 
vapours,  and  covered  with  a white  pulverulent 
oxide.  The  metal  which  burns  in  this  manner 
is  in  fad  reduced  to  a white  oxide;  the  arfenic 
even  converted  into  arfenic  acid,  by  a f u hi- 
de nt  quantity  of  red  oxide  of  mercury,  and 
the  latter  is  reduced  to  the  metallic  ftate. 


G.  AEllon  upon  Water  and  the  Oxides . 

63.  Water  exerts  no  adion  upon  mercury 
in  the  cold  ; it  only  ferves  to  divide  it  by 
means  of  agitation  ; and  when  we  are  able  by 
this  means  to  change  it  into  black  oxidated 
powder,  its  converfion  into  oxide  is  owing  to 
the  air  contained  in  the  water.  Some  authors 
have  recommended  this  preparation  under  the 
name  of  black  calcined  mercury  : I mention  it 
here  only  in  order  to  fhow  with  what  facility 
mercury  abforbs  oxigen,  and  tends  to  burn 
into  black  oxide  whenever  it  meets  with  this 
principle.  In  proportion  as  this  metal,  when 
agitated  with  water,  takes  oxigen  from  it,  the 
watei  abfoi  bs  it  from  the  air  and  fupplies  to 
the  metal  ; for  it  is.  a rule,  that  water  always 
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charges  itfelf  equally  with  air,  and  places  itfelf 
in  the  equilibrium  of  combination,  whenever 
it  is  in  contact  with  it. 

64.  Boiling  water  produces  no  more  altera- 
tion in  mercury  than  cold  water.  Lemery  had 
already  proved,  at  the  end  of  the  laft  century, 
that  this  metal  loft  nothing  of  its  weight  by 
ebullition  in  this  liquid.  Boerhaave,  who 
repeated  this  experiment  with  indefatigable 
patience,  and  boiled  a great  number  of  times 
conflderablë  quantities  of  water  upon  four 
grammes  of  mercury,  was  like  wife  convinced, 
that  this  metal  had  not  loft  any  thing.  How- 
ever, good  medical  obfervers  have  well  afeer- 
t&ined,  that  this  water,  in  which  a linen  bag, 
filled  with  mercury  has  been  fufpended  during 
its  ebullition,  has  a very  decided  anthelmintic 
or  vermifuge  property,  and  it  is  a very  com» 
mon  practice  to  preferibe  this  decodlion  to 
children,  who  frequently  void  worms  after 
having  taken  it.  Some  phyficians  aferibe  ftill 
much  greater  powers  to  water  which  has  been 
feveral  times  diftilled  upon  mercury  ; pretend- 
ing that  this  water  is  fenfibl y antifyphilitic. 
Wallerius,  in  order  to  explain  its  eftedts,  fup- 
pofed  that  the  mercury  re-acquired  in  water,  with 
which  it  became  penetrated,  a weight  of  the 
matter  equal  to  what  it  loft  by  its  ebullition,  and 
that  it  was  on  this  account  that  its  diminution 
could  not  be  afeertained.  Graftuiys,  who,  in 
his  letter  to  Dr.  Maty,  in  1754,  fpeaks  of  the 
anti-venereal  virtue  communicated  to  water  by 
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mercury,  advances  even  that  this  metal,  after 
being  employed  for  this  operation,  lofes  its 
former  efficacy,  and  poiïeiîes  afterwards  no 
longer  the  property  of  killing  ilifeâs.  How- 
ever, it  mult  be  admitted,  that  it  would  re» 

v f J i t ^ 

quire  experiments  (till  more  dec i five  than  thofe 
which  have  hitherto  been  performed,  in  order 
to  afford  fatisfadfory  evidence  of  the  truth  of 
fuch  affertions. 

65.  Vv  hat  has  been  faid  in  No.  (>2,  concern- 
ing  the  ciecompofition  of  the  red  oxide  of  mer- 
cury  by  means  of  a great  number  of  metals, 
proves  that  mercury  is  one  of  thofe  which  have 
the  leaft  attraction  and  adhefion  to  ox i gen  i 
there  are  accordingly  but  very  few,  and  thofe 
only  amongft  the  leaft  com buftible,  which  are  to 
be  examined  hereafter,  from  which  it  is  able  to 
take  away  oxigen.  Neverthelefs,  by  triturating 
running  mercury  with  certain  metallic  oxides 
that  are  very  much  charged  with  this  principle, 
and  in  which  the  laft  portion  which  is  combined 
with  them,  has  little  adhefion  in  comparifo^ 
with  the  fir  ft,  which  they  retain  with  great 
force,  itTs  found  to  be  quickly  extinguifiicd 
and  converted  into  black  oxide.  This  does  not 
take  place  except  with  thofe  among  theft  oxides 
eipccially,  which  are  too  much  oxidated  to  be 
^ ill  Soluble  in  the  acids,  and  in  fa  fit,  we  fhall 
fte  hereafter,  that  the  fame  metals,  on  the 
othei  hand,  precipitate  mercury  from  its  acid 
dilutions,  in  the  metallic  form,  and  take  its 
place  in  thofe  folutions* 

Vol.  V.  F f 


H.  A Elion 


434 


MEBCURY. 


H.  A Elion  upon  the  Acidic 

% « 

66.  It  was  by  the  combination  of  mercury 
with  the  different  acids,  that  chemifts  dis- 
covered the  moft  Angular  properties,  and  at  the 
fame  time  the  moft  important  ufes  of  this  metal. 
There  is  no  acid  which  does  not  a6t  either 
directly  or  indireétly  upon  mercury,  or  which 
does  not  combine  with  its  oxide,  and  form  a 
faline  compound  more  or  lets  interefting  in  its 
properties.  The  phenomena  exhibited  by  thefe 
different  compounds,  whether  during  their  for- 
mation, or  after  they  have  been  formed,  deferve 
to  be  ftudied  with  attention,  becaufe  they  con- 
ftitute  one  of  the  moft  remarkable  branches  of 
chemiftry.  I fhall,  therefore,  defcribe  them 
with  all  the  proper  details,  becaufe  the  treatifes 
of  chemiftry  do  not  yet  contain  thefe  details, 
and  becaufe  the  inveftigations  which  I made  re- 
lative to  this  fubject,  in  the  year  1 79 h feem  to 
me  to  be  capable  of  throwing  a new  light  upon 
its  combinations. 

67.  Previous  to  the  year  1777,  chemifts  had 
determined  only  in  a very  inaccurate  manner, 
the  nature  of  the  reciprocal  action  of  the  ful- 
phuric  acid  and  mercury.  All  that  they  had 
done  till  then,  could  afford  only  uncertain  and 
vao'ue  notions,  on  account  of  the  ftate  of  the 

O J n 

fcience.  At  this  period,  Lavoifier  made  ufe 
of  that  a&ion  in  order  to  determine  the  nature 
of  the  fulphuric  acid  ; he  flrowed  that  mercury, 
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aûifted  by  the  action  of  heat,  deprived  this  acid 
of  a portion  of  its  oxigen,  diiengagcd  iulphu- 
reous  gas  from  it,  became  itlclt  oxidated,  and 
combined  with  the  undecompofed  portion  ot 
the  acid  ; that  by  ftrongly  heating  the  fulphate 
of  mercury,  fulphureous  acid  gas  and  oxigen 
gas  were  obtained,  and  that  the  greater  part 
of  the  mercury  returned  to  the  metallic  ftate  : 
but  as  his  intention  was  only  to  occupy  himfelf 
with  the  analyfis  of  the  fulphuric  acid,  he  has 
not  deferibed  all  the  phenomena  of  this  com- 
bination. Thirteen  years  after  him,  in  1790 

•/ 

and  179  b I undertook  a much  more  compre- 
henfive  inveftigation  of  the  fubjedt  ; I examined 
with  great  attention  all  that  palled  in  the  re- 
action of  the  fulphuric  acid  and  of  mercury  : 
amongft  a great  number  of  new  fadts  which  this 
inveftigation  prefented  to  me,  I perceived 
feveral  circumftances,  which  had  been  glanced 

J o 

at,  or  indicated,  but  not  explained,  by  Kunckel, 
Rouelle  the  elder,  Monnet,  &c.  I have  been 
enabled  to  diftinguifli  with  precifion  feveral 
ftates  of  the  union  of  the  oxide  of  mercury 
with  the  fulphuric  acid,  which  had  been  mif- 
taken  or  confounded.  I proceed  to  give  the 
refult  of  my  inquiries  into  this  fubjedL 

68.  The  principal  caufe  of  the  numerous 
varieties  prefented  by  the  folutions  of  mercury 
in  the  fulphuric  acid,  depends  lefs  upon  the 
proportion  of  the  acid  and  of  the  metal,  than 
upon  the  quantity  of  oxigen  which  the  latter 
abforbs  from  the  acid,  according  to  the  tem- 
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perature  in  “which  their  reciprocal  action  exerts 
itfelf.  In  faét,  the  proportion  of  one  part  of 
running  mercury  to  a part  and  a half  of  con» 
centrated  fulphuric  acid,  which  are  generally 
taken  for  this  operation,  and  which  are  known 
not  to  a<5t  upon  each  other  in  the  cold,  gives 
rife  to  a great  variety  of  compounds,  according 
to  the  temperature  in  which  they  are  treated, 
and  the  length  of  time  during  which  heat  is 
applied  to  them.  This  mixture  heated  to 
ebullition  in  a glafs  retort,  the  curved  oeak  of 
which  is  plunged  under  a bell-glafs  tilled  with 
mercury,  in  the  hidrargyro-pneumatic  appara- 
tus, yields  fulphureous  acid  gas.  In  this  opera- 
tion, the  attraction  of  the  mercury  for  the 
oxigen  is  increafed  in  proportion  to  the  increafe 
of  temperature  ; for  at  the  ordinary  tempera-» 
ture,  it  is  much  weaker  than  that  of  this  prin- 
ciple for  the  fulphureous  acid,  and  not  for  the 
fulplnir  as  Lavoifier  imagined  : in  faff,  it  has 
been  fliown  in  another  place,  that  the  portion 
of  oxigen  which  adheres  to  the  fulphureous  acid, 
brought  to  the  fulphuric  ftate,  adheres  to  it 
]efs  ftrongly  than  that  which  is  united  with  the 
fulphur  in  the  fulphureous  acid.  Mercury  de- 
compofes  the  fulphuric  acid,  deprives  it  of 
oxigen,  and  caufes  it  to  pafs  into  the  ftate  of 
fulphureous  acid.  If  we  Hop  the  operation  when 
the  mercury  is  converted  into  a white  mats, 
but  not  dried,  and  when  a portion  of  liquid 
bill  remains  upon  the  furface  of  this  mafs,  it 
contains  uncombined  fulphuric  acid  ; it  is  acrid 

and 


I 


MÈRCÜRÎ,  437' 

and  coîTofive  ; it  reddens  the  blue  vegetable 
colours  ; it  does  not  become  yellow  by  the 
contadt  of  the  air  ; neither  cold  nor  hot  water 
convert  it  into  that  yellow  powder,  which 
formerly  was  called  Turpeth  mineral , on  ac- 
count of  its  colour,  and  of  which  I iliall  fpeak 
hereafter,  provided  we  ufe  the  precaution  of 
firft  feparating  the  acid  by  a flight  lixiviation 
with  cold  water  ; for  other  wife  it  would  become 

effect  of  the  heat  produced  in  the 
re-adtion  of  the  water  and  the  acid.  I term 
this  whole  mafs,  which  refults  from  the  adtion 
and  the  dofes  of  fulphuric  acid  and  mercury 
that  have  been  indicated,  the  acid  fulphate  of 
mercury.  It  cannot  form  turpeth  unlefs  when 
it  is  heated  and  defecated. 

69 . This  acid  fulphate  of  mercury  may  con- 
tain very  various  proportions  of  fulphuric  acid, 
accordingly  as  the  original  proportion  has  been 
varied;  for  it  is  very  evident,  that  we  fh  ou  Id 
obtain  a mafs  equally  acid,  by  employing  more 
of  this  fubftance  than  the  proportion  above  in- 
dicated, and  accordingly  as  we  might  have 
likewife  difengaged  a greater  or  lefs  quantity 
by  the  action  of  the  fire  : it  is  in  general  the 
more  foluble  in  water  the  more  acid  it  contains, 
as  has  already  been  obferved  by  all  the  chemifts 
who  have  fipoken  of  this  combination  before 
me.  But  a circum  fiance  which  has  efcaped 
their  obfervation,  is,  that  if  we  lixiviate  the 
acid  fulphate  of  mercury  with  much  lefs  water 
tihan  would  be  requifite  in  prder  to  diffoive  it 
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completely,  if  we  employ  this  water  cold,  in 
final!  divided  dofes,  till  it  no  longer  produces 
any  change  upon  the  moll  alterable  blue  paper, 
there  remains  a white  fait  without  acidity, 
much  lets  acrid  and  lefs  corrofive  than  the  whole 
faline  mafs  was  from  which  it  proceeds,  which 
ought  to  be  conlklered  as  a really  neutral  me- 
tallic fait.  I term  it  limply  fuiphate  of  mer- 
cury, in  order  to  diitinguifh  it  from  the  pre- 
ceding. The  water  of  the  lixiviations  per- 
formed as  I have  mentioned,  carries  away  a 
part  of  it  with  the  fulphuric  acid.  Such  are 
the  charadteriftic  properties  of  this  fuiphate, 
which  has  not  been  defcribed  before  me.  The 
proportions  that  have  been  indicated  of  ful- 
phuric acid  and  mercury,  treated  as  I have 
directed  for  obtaining  this  fait,  afford  a quan- 
tity of  it  nearly  equal  to  half  of  their  whole 
quantity.  It  is  white  ; it  cryftallizes  in  laminæ 
and  very  fine  needle-formed  prifms  ; its  tafte 
is  not  very  acrid;  it  requires  500  parts  of  water 
at  10  degrees  for  its  folution  ; but  it  does  not 
require  much  more  than  half  this  quantity 
when  it  is  boiling.  In  its  dry  and  cryftalline 
form,  it  contains  in  100  parts,  75  of  mercury, 
8 of  oxigen,  IQ  of  fulphuric  acid,  and  5 of 
water.  Both  cold  and  hot  water  diffolve  it 
completely  without  either  altering  or  decorn- 
pofmg  it  : the  pure  or  eauftic  alkalis  and  lime- 
water  precipitate  it  of  a grcyifh-black  colour. 
When  we  add  fulphuric  acid  to  it,  wre  bring  it 
to  the  Hate  of  acid  fuiphate  above  defcribed  : 
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its  lolubility  is  then  increafed  in  proportion  to 
the  quantity  of  acid  added  ; a twelfth  part  of 
this  renders  it  foluble  in  1 57  parts  of  water  at 
10  degrees,  and  in  33  of  boiling  water. 

70.  Though  the  fulphuric  acid  adheres  with 
Some  degree  of  force  to  the  fulphate  of  mer- 
cury,  we  may,  however,  feparate  it,  as  has  al- 
ready been  mentioned,  by  lixiviating  the  mafs 
with  lefs  water  than  would  be  requifite,  in  order 
to  dilTolve  the  whole  of  the  acid  fulphate  : in 
mentioning  this  procefs  above  I did  not  dwell 
upon  the  manner  in  which  the  water  adts  upon 
this  fait  with  an  excefs  of  acid,  fo  that  it  is 
neceffary  I fhould  refume  the  fubjeft.  I ob- 
served, that  one  twelfth  of  acid  added  to  the 
neutral  fulphate,  rendered  it  foluble  in  157 
parts  of  cold  water,  whilft,  previous  to  this 
addition,  five  hundred  parts  were  requifite  for 
its  Solution  ; I ought  here  to  add,  that  this 
proportion  of  Solubility  changes,  if,  inftead  of 
employing  all  at  once  thefe  157  parts  of  cold 
water  requifite  for  the  Solution  of  the  acid  Sul- 
phate of  mercury,  we  do  not  apply  at  firft  more 
than  a fourth  part  of  the  Solvent.  This  quan- 
tity of  water  does  not  take  up  merely  a fourth 
part  of  the  neutral  Salt,  and  a fourth  part  of 
the  acid  which  it  contains  in  excefs,  as  by  rcafon- 
ing  â priori  would  lead  us  to  expedt;  but  it 
takes  up  the  whole  of  the  excefs  of  acid,  which, 
now  forming  a liquid  of  greater  denfity  than, 
if  it  were  diluted  with  the  157  parts  of  water 
requifite  for  its  complete  Solution,  difiolves 
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much  more  fulphate  of  mercury,  and  raifes  the 
fait  to  a ftate  of  much  greater  acidity.  The 
portion  of  this-  fait  that  remains  after  this  hi  ft 
lixiviation,  now  requires  five  hundred  parts  of 
"water  for  its  folution,  becaule  it  has  become  a real 
neutral  fait.  Thus  the  water  employed  in  fin  a 11 
quantity  takes  up  the  whole  excefs  of  acid,  and 
fuch  a portion  of  fait,  that  this  contains  a higher 
excefs  of  acid  than  was  contained  in  the  whole 


original  mafs. 

71.  In  cider  to  prepare  the  turpeth  mineral, 
the  fulphuric  mercurial  mafs  that  has  been  treat- 
ed of  in  No.  68  was  condenfed  by  a longer  con- 
tinued aélion'of  the  lire.  A larger  quantity  of 
fulphuric  acid  was  deeompofed;  the  meicuiy 
was  more  oxidated,  and  hot  water  having  been 


afterwards  poured  upon  the  mafs,  it  afforded  the 
yellow  powder  known  by  the  name  or  Turpeth » 
In  this  preparation  the  oxide  was  obtained  in 
different  fiâtes,  of  a great  variety  of  colours, 
from  the  pale  citron-yellow  almoftto  the  orange- 
red,  without  its  being  poffible  formerly  to  ac- 
count for  thefe  differences,  and  confequently 
to  con  duff  the  operation  in  fuch  a mannei  as 
to  obtain  this  compound  always  of  the  fame 
colour  and  the  fame  nature.  Of  the  great  num- 
her  of  experiments  which  I have  made  upon 
this  compound,  I fhall  here  enumeiate  fuch  as 
may  throw  a light  upon  its  properties  and  com- 

•s  V \ » ; . , . • 

p edition. 

a.  If  we  do  not  evaporate  the  mixture  of 
fulphuric  acid  and  mercury  rather  brifldy  and 
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by  means  of  an  elevated  deady  temperature,  if 
there  remain  any  very  perceptible  excefs  of 
acid  not  decompofed,  or  not  volatilized,  the 
inafs  dilfolves  in  the  water  intirelv,  without  af* 
fuming  the  yellow  colour,  and  we  obtain  only 
a very  fmall  quantity  of  turpeth,  by  boiling" 
the  water  for  a long  time  with  this  mafs  ; whilft, 
on  the  other  hand,  when  the  fulphuric  mercu- 
rial mafs  is  heated  for  a long  time,  it  fponta- 
neoufly  allumes  fomewhat  of  a yellow  tinge, 
and  fuddenly  acquires  a beautiful  yellow  colour 
by  the  contact  of  the  water. 

b.  Cold  water  poured  upon  the  lad-mentioned 
mafs,  gives  it  a beautiful  greemih-yellow  co- 
lour. Boiling  water  gives  it  a cure  vellow  co- 
lour,  without  any  mixture  of  green  ; alcohol 
alio  renders  it  yellow,  but  in  a Ids  degree  than 
cold  water. 

c.  Several  chemids  haveconlldered  turpeth  mi- 
neral as  a iimple  yellow  oxide  of  mercury,  con- 
taining no  fulphuric  acid.  Rouelle  thought  that 
it  contained  fulphuric  acid;  and  my  experiments 
confirm  this  opinion.  By  treating  the  bed  lixi- 
viated turpeth  with  the  muriatic  acid,  the  mu- 
riate of  barites  precipitates  fulphate  of  this  bale 
from  the  folution.  For  this  reafon  I term  the 
turpeth  mineral  fulphate  with  excefs  of  oxide  of 
mercury , or  yellow  fulphate  of  mercury . 

d.  In  order  to  afeertain  the  nature  of  the 

change  which  takes  place  in  the  neu  tral  fulphate 
of  mercury,  whild  it  palfes,  by  ' means  of 
heat,  into  the  date  of  yellow  fulphate  or  tur- 
‘V  peth. 
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peth,  I ftrongly  heated  the  former  in  a retort  of 
porcelain  : firft,  water  was  difengaged,  after- 
wards fulphureous  acid  gas,  then  oxigen  gas,  and 
at  the  end  of  the  operation,  the  mercury  palled 
into  the  metallic  and  liquid  form.  At  the  mo- 
ment when  the  fulphuric  acid  is  difengaged, 
the  fait,  heated  to  red  nefs,  becomes  fufed  and 
aflumes  a brilliant  purple  colour.  By  ftopping 
the  operation  before  oxigen  gas  is  difengaged, 
and  after  the  fulphureous  acid  has  been  difen- 
gaged, the  fait  is  converted  into  yellow  ful- 
phate. 

e.  The  properties  which  diftinguifli  this  fait 
with  excels  of  oxide  of  mercury  from  the  neu- 
tral  and  from  the  acid  fulphate,  all  tend  to 
prove  that  the  mercury  is  oxidated  in  it  much 
more  abundantly  and  fenflbly.  In  fact,  this 
yellow  fulphate  is  decompofed  and  diffolved  by 
the  nitric  acid,  which  does  not  act  upon  the 
neutral  fulphate  of  mercury;  it  is  equally  dif- 
folved by  hot  muriatic  acid,  which  converts  it 
into  fuper-oxigenated  muriate  of  mercury,  or 
corrofive  fublimate , wliilft  this  acid  caufes  the 
neutral  fulphate  to  pafs  into  the  hate  of  (impie 
muriate  of  mercury,  or  calomel . 

f\  The  fulphuric  mercurial  mafs,  heated  to 
the  degree  at  which  it  yields  yellow  fulphate, 
fcarcely  receives  the  flighted  tinge  of  yellow 
from  water  which  has  been  boiled  a long  time 
before  its  being  employed  for  this  purpofe. 

g.  This  fulphate  is  heavier  than  the  wdrite 
mercurial  mafs  from  which  it  proceeds,  when 
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we  add  the  weight  of  the  turpetli  to  that  of  the 
portion  of  fait  diffolved  by  the  water  at  the 
moment  of  its  preparation. 

h.  The  yellow  fulphate,  though  it  has  hither- 
to been  confidered  as  infallible,  actually  dilfolves 
in  more  than  two  thoufand  parts  of  water  at  ten 
degrees,  and  in  fix  thoufand  parts  of  boiling 
water  : the  folution  is  white. 

i.  Triturated  with  running  mercury,  it  quickly 
extinguifhes  it,  affuming  at  firft  a deep  green 
colour,  and  foon  paffmg  together  with  this  into 
the  hate  of  black  oxide  : when  it  is  boiled  with 
water  and  a fmall  quantity  of  mercury,  the 
fame  converfion  into  black  oxide  takes  place, 
only  more  flowly  than  by  trituration. 

k.  All  thefe  fa6ts  prove,  that  the  yellow  ful- 
phate differs  from  the  neutral  and  acid  fui- 
phates  of  mercury,  by  its  containing  more  me» 
tal,  more  oxigen,  and  much  lefs  acid  ; and  by 
the  circumftances  that  in  all  cafes  in  which 
it  is  formed  at  the  expenfe  of  the  two  others, 
there  is  always  oxigen  added  to  the  oxide,  and 
fulphuric  acid  taken  away  from  it,  whether  it 
be  difengaged  or  decompofed. 

l.  One  hundred  parts  of  yellow  fulphate  of 
mercury  gave  me  ten  of  fulphuric  acid  ; feven- 
ty-fix  of  mercury,  eleven  of  oxigen  and  three 
of  water. 

m.  With  the  aid  of  heat,  it  is  foluble  in 
fulphuric  acid  a little  diluted.  Cold  water  pre- 
cipitates from  this  faturated  folution  a white, 
and  boiling  water,  a yellow  oxide  ; when  it 
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contains  an  excefs  of  acid,  it  is  not  precipitated 
by  water.  We  may  re-diffolve  the  white  precis 
pitate  in  the  fulphuric  acid,  and  prevent  the 
folution  from  being  precipitated  by  an  excefs 
of  acid. 

72.  Thus  all  the  faéts  that  have  been  an- 
nounced, relative  to  the  combination  of  the 
fulphuric  acid  with  mercury,  enable  us  to  dif- 
tinguifh  three  fulphates  of  mercury,  viz. 

a . The  neutral  fulphate  of  mercury,  cryftal- 
lizable,  foluble  in  five  hundred  parts  of  cold 
water,  forming  a grey  precipitate  by  the  aéfion 
of  the  alkalis,  not  deeompofable  by  the  nitric 
acid,  forming  calomel  with  the  muriatic  acid. 

The  acid  fulphate  of  mercury,  more  fo- 
luble than  the  preceding  ; forming  an  orange- 
coloured  precipitate  by  the  alkalis  ; from  which 
the  excefs  of  acid,  and  a portion  of  the  fait  it- 
feif,  is  taken  up  by  a fourth  part  of  the  quan- 
tity of  water  that  would  be  requifite  for  its 
complete  folution,  leaving  neutral  fulphate  of 
mercury  after  the  folution,  indecompofable  by 
the  nitric  acid. 

c.  The  fulphate  of  mercury  with  excefs  of 
oxide  : it  is  yellow,  foluble  in  two  hundred 
parts  of  water;  forms  a grey  precipitate  by 
the  alkalis;  it  is  deeompofable  by  the  nitric 
acid  ; it  forms  fuper-oxigenated  muriate  of 
mercury  with  the  muriatic  acid. 

73,  Among  the  differences  that  diflinguifh 
thefe  three  fulphates  of  mercury,  that  of  their 
precipitation  by  the  alkaline  fubftances  ought 
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particularly  to  be  attended  ta  It  is  not  eafy  to 
determine  why  the  neutral  fulphate,  which  is 
white,  is  precipitated  into  a deep  grey  by  the 
fixed  alkalis  ; but  it  is  evident,  that  if  the  acid 
fulphate  is  precipitated  in  the  orange  colour  by 
the  alkalis,  this  depends  upon  its  fuddenly  ah- 
forbing  oxigen  from  the  atmofphere,  by  tliç 
aid  of  the  heat  which  is  developed  in  the  mix» 
ture.  As  to  ammonia,  the  aétion  of  which 
upon,  thefe  faits  has  engaged  my  attention  the 
longeft,  I have  found  that  it  precipitated  the 
fulphates  of  mercury  into  a grey,  more  or  lets 
verging  towards  the  black*  and  that  it  con- 
ftantly  caufed  their  oxides,  in  whatever  (late 
they  might  be,  to  approach  to  the  metallic 
ftate,  by  diminiihing  the  proportion  of  oxigen 
which  they  contained.  I have  found,  more- 
over, that  this  oxide,  precipitated  from  the 
fulphates  of  mercury  by  ammonia,  was  iefe 
abundant  than  that  which  was  leparated  by  the 
earths  and  the  fixed  alkalis  ; and  this  difference 
of  quantity,  which  evidently  exceeded  the  fini- 
pie  diminution  that  could  proceed  from  their 
dif-oxidation,  having  fiiown  me  that  the  am- 
monia did  not  feparate  all  the  oxide  of  the  fui- 
phates  of  mercury,  I difeovered,  by  refearehes 
which  this  facf  induced  me  to  make,  that  a 
triple  fait,  or  an  ammoniaco-mercurial  fulphate 
was  formed  : the  principal  properties  of  which 
I fliail  here  announce,  becaufe  the  fame  forma- 
tion of  triple  ammoniaco 'metallic  faits  exifts  in 
manv  other  folutions  of  metals,  and  muft,  in 
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courfe  of  time,  lead  chemifts  to  new  and  ftiil 
more  important  difcoveries. 

74.  When  we  pour  ammonia  into  afolution  of 
the  neutral  fulphate  of  mercury,  a very  abun- 
dant grey  precipitate  is  formed,  which,  when 
expofed  to  the  fun,  is  partly  reduced  into 

running  mercury  and  partly  remains  in  the 
hate  of  grey  powder.  The  latter  is  ammo- 

niaco-mercurial  fulphate  ; it  is  foluble  in  ammo- 
nia; it  is  not  depofited  with  the  firft  precipitate 
except  when  we  do  not  employ  an  excefs  of  am- 
monia in  which  it  can  be  diifolved.  When  we 
employ  a large  quantity  of  the  latter,  we  have 
only  a fmall  portion  of  an  entirely  black  pre- 
cipitate, totally  reducible  into  running  mer- 
cury by  the  aétion  of  the  rays  of  the  fun  ; in 
this  cafe  the  liquor  holds  the  triple  fait  or  am- 
moniaco-mercurial  fulphate  in  folution.  In 
this  operation,  the  ammonia  decompofes  only 
a portion  ot  the  neutral  fulphate  of  mercury, 
the  oxide  of  which  it  reduces.  The  ammo- 
niacal fulphate  that  is  formed,  unites  with  the 
other  undecompofed  portion  of  the  fulphate  of 
mercury,  and  forms  a triple  fait  of  little  folubi- 
lity,  but  which  is  foluble  in  an  excefs  of  am- 
monia. The  fame  decompofition  takes  place, 
attended  with  another  phenomenon,  upon  this 
fulphate  of  mercury  in  its  folid  hate.  When 
we  pour  ammonia  upon  this  fait,  a bride  effer- 
vefcence  enfues,  and  a remarkable  crackling 
noife  is  heard  ; a difengagement  takes  place  of 
azotic  gas,  produced  from  the  decompofition 
of  the  ammonia  by  the  feparated  part  of  the 
£ oxide 


MERCURY. 


447 


oxide  of  mercury  ; this  occupies  the  bottom 
of  the  veffel  in  the  form  of  a black  powder, 
and  the  liquid  that  fwims  at  top  holds  arnmo- 
niaco-mercurial  fulphate  in  folution. 

75.  When  tlie  liquor  which  holds  this  fait  in 
folution,  after  it  has  been  formed  by  either  of 
the  procédés  that  have  been  indicated,  is  eva- 
porated, either  with  the  afiiftance  of  heat  or  by 
expofure  to  the  air,  it  depofits  at  the  end  of  feme 
hours,  brilliant  cryftals,  of  a polygonal  form, 
and  hard,  the  final  left  of  which,  collected  to- 
gether, form  a white  and  chatoyant  pellicle 
upon  the  furface.  This  cry  hall  ization  is  owing 
to  the  evaporation  of  the  ammonia  which  held 
the  fait  in  folution.  If,  inftead  of  waiting  for 
this  regular  depolition,  we  fuddenly  add  a 
large  quantity  of  water  to  the  folution,  it  be- 
comes white  and  milky  ; a white  powder  is 
precipitated,  which  is  nothing  elfe  than  the 
fame  fait,  hut  without  any  regular  form,  becaufe 
it  is  feparated  fuddenly  : this  proceeds  from  the 
circumftance,  that  the  water  which  is  added, 
divides  the  liquid,  renders  it  lighter,  and  feizes 
upon  the  ammonia  ; there  remains  in  the  fluid 
fulphate  of  ammonia,  which  may  be  obtained  in 
the  form  of  cryftals  by  evaporation.  More  of 
the  latter  is  therefore  formed  than  is  requifite  to 
caufe  the  fulphate  of  mercury  to  pafs  into  the 
ftate  of  ammoniaco-mercurial  trifule  as  in  faét 
is  proved  by  the  analyfis  of  this,  which  con- 
tains more  oxide  of  mercury  than  the  metallic 
fulphate  alone  contained. 


76c  The 
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76.  The  arnmon. i aco- me  rcu rial  fulphate  has 
a pungent  and  auftere  tafte;  when  expofed  to  the 
aétion  of  heat,  it  decrepitates,  and  yields  am- 
monia, azotic  gas,  a little  running  mercury, 
and  a final!  quantity  of  fulphite  of  ammonia: 
there  remains  in  the  retort  fome  yellow  ful- 
phate of  mercury  ; it  lias  little  fallibility  in 
water  ; tlie  alkalis  and  lime  precipitate  it  into 
a white  powder,  which  is  {till  a triple  fait  with 
an  excels  of  its  bafe,  or  deprived  of  a large 
quantity  of  its  acid.  This  precipitates  when 
expofed  to  the  fun,  then  blackens,  and  is  reduced 
into  running  mercury,  by  the  mutual  decom-, 
pofition  of  the  mercurial  oxide  and  ammonia. 
This  ammoniaco-mercurhil  fulphate  is  foluhle 
fn  ammonia,  of  which  it  retains  a portion 
when  it  cryftallizes  by  the  evaporation  of  this 
yolatile  alkali.  An  hundred  parts  contain  eigh-» 
teen  of  fulphuric  acid,  thirty-three  of  ammo- 
nia, thirty-nine  of  mercury,  and  ten  of  water* 
XWs  analyfis  proves,  that  this  triple  fait  con- 
tains a very  large  proportion  of  the  two  bafes 
compared  with  that  qf  the  fulphuric  acid  ; and 
that  in  this  combination,  the  attractions  differ 
greatly,  between  the  three  fubftances  which  form 
it,  from  that  which  fu  hints  between  any  two  of 
them  in  particular. 

77*  All  that  we  have  juft  been  con  fi  dering 
relates  to  the  decompofition  of  the  neutral  fuff 
phafeof  mercury  by  ammonia.  Other  pheno- 
mena take  place  in  the  decompofition  of  the 
acid  fulphate  and  the  yellow  fulphate,  or  the 
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fulphate  with  excefs  of  oxide,  by  the  fame 
alkali;  but  thefe  differences  are  eafy  to  be  de- 
termined from  what  has  already  been  laid  down. 
Ammonia  poured  into  a folution  of  the  acid 
fulphate  of  mercury,  forms  no  precipitate  in  it, 
becaufe  the  alkali,  uniting  with  the  excefs  of 
acid,  is  transferred,  in  the  form  of  ammonia- 
cal, fulphate,  to  the  fulphate  of  mercury  with 
which  it  combines  into  a triple  fait  ; it  then 
perfectly  refembles  that  of  the  liquor  which 
floats  above  the  black  precipitate  formed  by 
ammonia  in  the  folution  of  the  neutral  ful- 
phate of  mercury.  The  aétion  of  the  fame 
alkali  upon  the  yellow  fulphate  is  altogether 
the  reverfe  of  that  which  it  exerts  upon  the 
acid  fulphate  : here  the  excefs  of  oxide  caufes 
a much  greater  quantity  of  black  oxide  to  be 
formed,  inftead  of  a triple  fait,  in  confequence 
of  the  aétion  of  the  ammonia  upon  this  oxide  ; 
there  is  very  little  of  the  triple  fait,  or  ammo- 
niaco-mercurial  fait  formed. 

78.  In  order  to  confirm  all  thefe  new  re- 
fults  refpeéting  the  formation  of  this  triple 
fait,  as  to  its  nature,  and  efpecially  refpect- 
ing  the  difference  of  the  faturation  of  the 
fulphuric  acid  by  thefe  two  bafes,  which  are 
united  with  it  at  the  fame  time,  I made  a 
mixture  of  concentrated  folutions  of  perfeélly 
neutral  fulphate  of  mercury,  and  equally  neu- 
tral fulphate  of  ammonia;  a white  powder  was. 
immediately  depofited,  which  I recognifed  to 
be  ^a  triple  combination,  and  the  liquor  that 
fwam  at  top  contained  a fmall  quantity  of  un- 
Vo  l.  Y.  G g , combined 
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combined  fulpliuric  acid.  This  lafbmentioned 
faél  has  particularly  proved,  that  the  oxide  ot 
mercury  and  the  ammonia,  in  their  reciprocal 
and  limultaneous  union  with  the  fulphuric  acid, 
require  lefs  of  this  acid,  than  the  lum  of  fhele 
two  bales  would  have  required  feparately,  hi 
order  to  be  each  particularly  fatu rated  with  it. 

I have  alfo  confirmed  the  caule  of  the  por- 
tion of  oxide  of  mercury  precipitated  in  the 
black  hate,  and  reduced  by  the  a&ion  of  am- 
monia, by  particularly  examining  that  of  this 
alkali  upon  the  oxide  of  mercury  formed  by 
means  of  lire.  I lhall  fpeak  again  of  this 
action,  in  one  of  the  fubfequent  is  umbers. 

79.  No  aftion  takes  place  between  running 
mercury,  and  the  fulphureous  acid  ; and  this 
mult  neceffarily  be  the  cafe,  becaulc  meicuiy 
decompofes  the  fulphuric  acid  only  lo  far  as  to 
reduce  it  to  the  {fate  of  fulphureous  acid  ; but 
a very  ft  r, on  g action  is  exerted  between  the 
oxide  of  mercury,  and  the  laft-mentioned  acid. 
If  we  place  the  red  oxide  of  mercury  and  ful- 
phureous acid  in  contact  with  each  other,  the 
oxide  hnecliately  becomes  as  white  as  milk, 
caloric  is  dilengaged,  and  the  odour  of  the 
fulphureous  acid  is  inftantaneoufiy  deft royed. 
When  we  employ  only  a fmall  quantity  of  this 
acid,  fulphite  of  mercury  is  formed  ; but  if 
we  employ  a large  quantity,  the  oxide  of  mer- 
cury is  completely  reduced  to  the  metallic  ftate, 
and  fulphuric  acid  is  found  in  the  liquor. 
The  laft  mentioned  phenomenon  is  much  ac- 
celerated 
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celerated  by  the  contact  of  the  rays / of  the 
lun.  By  * this  means,  confequently,  we  can 
never  obtain  any  thing  elfe  than  fnlphate  of 
mercury.  From  the  circumftances  that  in  this 
experiment  the  red  oxide  of  mercury  is  fir  ft 
converted  into  the  white,  and  afterwards  com- 
pletely reduced  by  the  fulphureous  acid,  we 
mult  not  conclude  that  it  contradicts  the  dc- 
eompofition  of  the  fulphuric  acid  by  mercury; 
for  there  is  no  fimilarity  between  thefe  two  phe-? 
nomena  : the  firlt  takes  place  only  in  the  cold/ 
and  the  fécond  is  effected  only  with  the  aid  of 
heat.  The  fame  experiment  proves  alfo  that 
the  white  oxide  of  mercury  contains  lels  oxh- 
gen  than  the  red. 

SO,  The  nitric  acid  is  eafily  and  rapidly  de? 
compofed  by  mercury  ; this  action  is  much 
ftrongcr  than  that  which  it  exerts  upon  the 
fulphuric  acid.  It  takes  place  in  the  cold, 
and  as  foon  as  thefe  two  fubftances  are  placed 
in  contact  with  each  other;  it  does  not 
commence  fpontaneoufly,  if  the  acid  be  too 
much  concentrated,  or  too  much  diluted  with 
water;  it  is  accompanied  with  a difengagement 
of  nitrous  gas  ; it  is  one  of  the  means  of  pro-» 
curing  this  gas,  and  it  is  the  experiment  with 
which  Lavoifier  commenced  his  analyfis  of 
the  nitric  acid.  The  a qua- fort  is  of  commerce 
a6ls  upon  mercury,  without  however  d-iffufing 
much  red  vapour,  When  the  operation  is  pei^ 
formed  in  a very  long  conical  veffel,  and  when 
the  acid  covers  the  mercury  to  a confidcrable 
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height,  a phenomenon  is  often  obferved  which 
has  impofed  upon  chemifts.  At  the  commence- 
ment of  the  operation,  the  acid  allumes  a 
bluiih-red  colour  towards  the  bottom  ; this 
coloration  is  evidently  owing  to  the  nitrous 
oxide  which  feparates  itfelf  from  the  inferior 
portion  of  the  decompofed  acid  ; and  in  fact, 
this  oxide  is  not  then  difen  gaged  in  the  form 
of  gas,  and  the  colour  of  the  folution  is  aug- 
mented as  long  as  there  are  no  bubbles  that 
rife  to  the  furface  of  the  liquor.  Small  bub- 
bles are  feen  to  arife  from  above  the  mercury, 
and  difappear  in  the  lower  part  of  this  liquid  ; 
when  the  more  violent  action  develops  more 
heat,  the  nitrous  gas  efcapes,  and  the  liquid 
lofes  the  colour  which  it  had  affumed.  This 
phenomenon  proves  that  mercury  has  more 
attraction  for  oxigen  than  the  oxide  of  azote 
has.  In  proportion  as  it  burns,  the  oxidated 
metal  is  dilfolved  in  the  portion  of  acid,  that 
is  not  decompofed,  for  much  more  acid  is 
generally  employed  for  this  folution,  than  is 
required  in  order  fimply  to  oxidate  the  metal  ; 
and  we  may  divide  the  whole,  in  idea,  into 
two  parts,  relatively  to  the  different  action 
which  each  of  them  exerts  upon  the  mercury, 
namely,  the  oxidating  part,  and  the  folvent 
part.  The  folution  ceafes  when  the  proportion 
of  the  mercurial  oxide,  that  has  been  formed, 
and  that  of  the  nitric  acid  neceflary  for  its 
folution  are  in  equilibrio.  This  acid  may  thus 
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difiblve  a quantity  of  mercury  equal  to  its 
own  weight. 

CD 

81.  The  nitric  folution  of  mercury,  made  in 
the  cold,  is  white  and  colourlefs  ; it  is  very 
ponderous,  and  fo  extremely  cauftie,  that  it  is 
u fed  in  furgery,  by  the  improper  name  of  mer- 
curial water , for  corroding  and  deftroying 
fungous  flefh.  It  makes  brown  and  almoft 
black  fpots  upon  the  fkin,  which  do  not  difap- 
pear  till  the  cuticle  feparates  or  peels  off.  It 
imparts  the  fame  colour  to  all  vegetable  and 
animal  fubftances,  and  the  tinge  is  indelible.  It 
affords,  either  fpontaneoufly  or  by  evaporation, 
eryftals  of  form  very  much  varied  according 
to  the  Itate  of  the  liquor,  and  the  circum- 
ftances  that  accompany  the  cryftallization.  I 
have  feen  them  in  four  different  forms,  by 
ipontaneous  evaporation.  I obtained  tranfpa- 
rent  regular  eryftals,  with  fourteen  facets, 
formed  by  the  union  of  two  tetrahedral  pyra- 
mids, truncated  as  it  were,  very  near  to  their 
bafes,  and  with  four  angles  reful ting  from  the 
junction  of  the  pyramids.  The  fame  folution, 
evaporated  and  afterwards  left  to  cool,  de- 
pofits,  at  the  end  of  twenty-four  hours,  a kind 
of  acute  prifms,  filiated  obliquely  acrofs,  and 
formed  by  the  fucceffve  oppofition  of  final! 
lamellæ,  lying  one  upon  the  other  in  the 
manner  of  tiles.  Thefe  lamellæ,  when  exa- 
mined with  care,  appear  to  be  the  fame  maffes 
with  fourteen  facets  as  the  eryftals  above 
mentioned,  but  final  1er  and  more  regular  than 
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thofe,  A nitric  folution,  effected  by  the  a! A 
of  a gentle  heat,  affords,  when  it  is  cooled, 
very  long  and  ffiarp  flat  needles,  firiated  length- 
ways ; thefe  are  the  crystals  moft  frequently 
obtained:  they  have  been  described  by  moft  of 
the  writers  on  chemiftry,  efpecially  by  Macquer 
and  Rouelle.  Finally,  there  is  a fourth  form, 
which  is  very  irregular  ; namely,  that  of  a white 
tnafs,  frequently  filled  with  long,  filky,  flexi- 
ble, minute  needles  ; but  this  belongs  to  ano- 
ther folution,  or  another  modification  of  the 
nitrate  of  mercury,  the  properties  of  which  it 
is  neceffary  that  we  fhould  confider. 

82.  Though  fame  chemifts  have  indicated 
the  Rate  of  this  fécond  nitric  folution  before 
Bermnaii,  it  is  to  him  that  we  aie  indebted  for 
our  lirfi  accurate  knowledge  of  this  remarkable 
modification  of  the  mercurial  nitrate.  This 
illuftrious  chemift  has  obferved,  in  his  Differ- 
tation  on  the  Analyfis  of  waters,  that  the  nitric 
folutions  of  mercury  differ  from  each  other, 
according  to  the  manner  in  which  they  have 
been  prepared.  That  which  is  made  in  the 
cold,  of  which  I have  already  treated,  and 
which  was  not  attended  with  any  extrication  of 
red  vapours,,  is  not  decompofable  by  diftillcd 
water  ; but  if  the  folution  has  been  effected 
with  the  aid  of  heat,  if  a large  quantity  of 
nitrous  gas  has  been  difengaged  in  the  opera- 
tion, it  will  be  precipitated  by  water,  and  it 
will  no  longer  be  capable  of  being  ufed  as  a 
fare  re-agent.  I fhall  not  enter  here  into  -a 
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difcuflion  of  the  erroneous  theory  which  Berg- 
man adopted  in  order  to  explain  this  difference  ; 
but  I ihall  lay  down  that  which  I have  been 
led  to  adopt,  by  my  experiments  upon  this 
fubjedt.  This  phenomenon  proceeds  from  the 
fame  caufe  in  the  nitric  lolution  as  in  the  ful- 
phuric.  This  kind  of  folution,  with  excefs  of 
mercury,  is  precipitated  by  diftilled  water,  be- 
caufe  this  alters  the  denfity  of  the  liquor,  and 
diminilhes  the  adhefion  of  the  oxide  of  mer- 
cury with  the  nitric  acid  : accordingly,  the 
precipitate  is  nitrate,  with  a great  excefs  of 
mercury,  very  highly  oxidated;  and  very  yellow, 
if  we  pour  the  folution  into  hot  water;  or  white, 
if  we  pour  it  into  cold  water.  We  may  give 
the  yellow  colour  of  turpeth  to  the  latter  by 
waihing  it  in  boiling  water  at  the  very  moment 
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of  its  precipitation.  The  folution  effected  in 
the  cold,  on  the  contrary  containing  only 
nitrate  without  excefs  of  mercury,  as  it  is  only 
with  the  aid  of  heat  that  it  can  charge  itfelf 
with  a redundance  of  oxide,  diftilled  water 
cannot  produce  any  precipitation  in  it.  Ibis 
proportion  is  proved  by  the  circumftanc e,  that 
we  may  render  at  pleafure  the  fame  mercurial 
folution  decompofable  or  not  decompofable  by 
water,  by  adding  to  it  either  oxide  of  mercury 
or  acid,  and  caufe  it  to  pafs  feveral  times  fuc- 
ceffively  from  one  to  the  other  of  thefe  hates. 
If  we  add  mercury  to  a nitric  folution  of  this 
metal  made  in  the  cold  and  not  précipitable  by 
water,  aiding  the  a&ion  by  the  application  of 
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beat,  it  charges  itfelf  with  frefli  oxide,  and 
becomes  capable  of  being  precipitated  by  w^ater. 
If  we  heat  for  fome  time  the  fame  foliation  of 
mercury,  the  nature  of  which  is  not  changed 
by  the  addition  of  water,  it  foon  becomes  capa- 
ble of"  being  changed  in  this  manner,  as  we 
have  thus  diminifhed  the  proportion  of  its 
acid,  and  increafed  that  of  the  oxide  of  mer- 
cury, as  wTell  as  its  oxidation,  as  is  proved  by 
the  difengagement  of  nitrous  gas  which  takes 
place  in  this  experiment  ; the  oxide,  on  account 
of  its  abundance  and  its  furcharge  of  oxigen, 
no  longer  adheres  to  the  acid  as  it  did  before, 
and  the  water  has  now  the  power  of  feparating 
it,  and  precipitating  it  in  a white  or  yellowifh 
powder.  This  kind  of  folution  forms  with 
the  muriatic  acid  a foluble  fait,  whilft  that  of 
the  neutral  nitrate , or  of  the  acid  nitrate  of 
' mercury  forms  an  infoluble  fait  with  this  acid0 
83.  The  precipitate  thus  obtained,  is  not, 
however,  compofedof  all  the  oxide  of  mercury 
combined  with  the  nitric  acid  : however  large 
a quantity  of  water  we  may  employ  in  order 
to  form  it,  there  always  exifts  in  the  liquor, 
after  the  feparation  of  its  deposition,  a fmall 
portion  of  oxide  combined  with  the  remaining 
acid.  I have  alfo  found  that  the  fame  liquor  is 
capable  of  yielding  cryftals  of  nitrate  of  mer- 
cury, and  that  its  habitudes  are  in  many  refpebls 
fimilar  to  thole  of  the  firft  folution  which  is 
nidecompofabl'e  by  water  alone.  I therefore 
conclude  from  all  thefe  fadts,  and  from  all  the 
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faéls  hitherto  known  refpeéting  the  combination 
of  the  nitric  acid  and  mercury,  that  three  fpe- 
cies  of  combination  fubfift  between  this  acid 
and  the  oxide  of  this  metal,  as  there  are  three 
fpecies  of  fulphates  of  mercury  ; and  I diftin- 
gaiilli  three  nitrates  according  to  the  fame  prin- 
ciple, and  by  analogous  denominations  ; viz. 

a.  The  neutral  nitrate  of  mercury  : that 
which  is  yielded  by  the  folution  in  good  con- 
dition, or  which  is  not  precipitated  by  water* 

b.  The  acid  nitrate  of  mercury . This  is 
obtained  by  diffolving  the  fi rft  in  water,  charged 
with  more  or  iefs  nitric  acid,  or  by  adding 
this  acid  in  any  manner  to  the  two  other 
nitrates  ; it  is  the  molt  frequent  produdi  ob- 
tained in  the  greater  number  of  the  foliations 
of  mercury,  made  for  the  purpofes  of  pharmacy 
and  of  the  manufactures. 

c.  The  nitrate  with  e reefs  of  oxide  of  mer- 
cury : it  exifts  in  the  folution  which  is  preci- 
pitated by  water,  or  which  wras  formerly  deno- 
minated in  bad  condition,  or  when  we  treat  the 
two  firft  fpecies  by  the  action  of  fire  ; it  fre- 
quently palfes  into  the  ftatC  of  yellow  oxide  at 
the  moment  of  its  precipitation,  or  fome  infiants 
after,  and  becomes  what  was  formerly  termed 
Nitrous  Turpeth. 

84.  Though  thefe  three  nitrates  refemble 
each  other  in  feveral  of  their  properties,  and  in 
fome  of  the  phenomena  that  attend  their  de- 
compofition,  they,  however,  prefent  fome  dif- 
ferences which  it  is  ufeful  to  know  and  appre- 
ciate ; 
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ci  ate  ; this  we  may  do  by  examining  the 
characters  of  the  real  nitrate  of  mercury,  of 
that  which  is  neutral,  which  water  does  not 
feparate  from  its  folution,  and  which  fo  fre- 
quently paffes  into  the  acid  ftate,  or  the  hate 
furcharged  with  oxide,  in  the  different  treat- 
ments  to  which  it  is  fubjected,  We  ffiall  foon 
fee  that  the  examination  of  this  will  naturally 
conduct  us  to  the  knowledge  of  the  two  others. 
The  nitrate  of  mercury,  when  placed  upon  a 
piece  of  burning  charcoal,  detonates  feebly, 
though  with  a fufficientlv  bright  and  brifk  flame, 
if  we  have  taken  care  to  drain  it  well,  or  even 
dried  it  previoufly  between  two  pieces  of  paper: 
when  it  is  moift,  it  fufes,  becomes  black, 
extinguiflies  the  portion  of  lighted  charcoal 
which  it  occupies,  throws  out  imall  reddifh 
fparks,  with  a flight  decrepitation  at  its  dry 
fides.  The  nitrate  with  excels  of  acid,  boils, 
becomes  liquid  very  quickly,  fwells  confidcra- 
bly,  exhales  a large  quantity  of  red  vapour, 
and  detonates  only  in  a very  feeble  manner. 
If  we  heat  the  neutral  nitrate  of  mercury  in  a 
crucible,  without  the  contact  of  combufti- 
ble  matter,  it  melts,  exhales  nitrous  gas, 
affumes  a deep  yellow  colour,  from  which  it 
foon  paffes  to  the  orange,  and  from  thence  to 
the  bright  red  : in  this  ftate  it  was  formerly 
termed  red  precipitate  ; in  the  Methodical 
Nomenclature  it  is  diflinguiflied  by  the  name  of 
red  oxide  of  mercury  bp  the  nitric  acid • It  is 
frequently  prepared,  in  order  to  fer-ve  the  pur- 
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pole  of  an  efcharotic  in  furgery,  by  heating 
and  decompofmg  the  nitrate  in  medicinal  phials. 
When  this  operation  is  performed  (lowly  and 
cautioufly,  it  is  obtained  in  the  form  of  fine 
brilliant  fcales  of  the  molt  beautiful  purple 
colour,  and  poffeflitig  a cotifiderable  degree  of 
acrimony.  It  does  not  contain  any  acid  when 
it  is  well  prepared  and  homogeneous  : it  is  no- 
thing  more  than  a pure  red  oxide  of  mercury, 
in  every  refpecf  fimilar  to  that  which  is  obtained 
by  (impie  oxidation  in  the  air  ; and  thofe  che~ 
milts  who  have  attributed  its  caufticity  to  the 
prefence  of  the  nitric  acid  have  been  miftaken. 
When  it  ft  ill  retains  any  of  this  acid,  it  is  be- 
caufe  it  is  not  true  red  precipitate,  becaufe  it 
has  not  been  fufficiently  heated,  and  becaufe  it 
(till  contains  fome  portions  of  yellow  nitrate  of 
mercury,  which,  together  with  the  portion  of 
red  oxide  that  has  been  formed,  conftitute  an 
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orange-coloured  powder  : accordingly,  in  or- 
der to  be  well  prepared,  it  is  neceffary  that  it 
fhould  be  of  a beautiful  bright  purple  colour, 
without  mixture  of  yellow,  green,  orange, 
or  white.  It  is  very  evident  that  its  acrimony 
depends  upon  the  oxigen  and  its  ftate  of  real 
red  oxide.  Poffibly  fome  advantage  may  be 
gained  in  furgery  by  not  carrying  its  decom- 
polition  quite  fo  far,  but  by  leaving  a little 
nitric  acid  in  it,  in  order  to  render  it  more 
fpeedily  and  powerfully  eauftic  : this,  however, 
is  not  the  true  red  oxide  of  the  chemifts,  who 
ought  to  continue  the  procefs  till  it  contains  no 

more 


460 


MERCURY. 


more  acid.  This  experiment  proves,  that  the 
white  oxide  of  mercury,  united  in  a faline  form 
with  the  nitric  acid,  at  a high  temperature, 
decompofes  this  acid,  deprives  it  of  its  oxi- 
gen,  reduces  it  to  the  ftate  of  oxide  of  azote^ 
paffes  itfelf  to  the  maximum  of  its  oxidation, 
and  fliows  that  it  is  a commencement  of  this 
a&ion  which  takes  place  whenever  we  heat  the 
fame  fait  in  folution,  efpeeially  when  we  caufe 
it  to  pals  from  the  ftate  of  neutral  nitrate, 
to  that  of  nitrate  with  excefs  of  oxide,  and  de* 
compofable  by  water. 

8 5-  We  fee  ftill  better  what  takes  place  in 
this  decompofition  of  the  nitrate  of  mercury 
by  the  fire,  if  we  perform  the  experiment  in  a re^ 
tort;  as  long  as  it  is  fufed  and  yellow,  it  yields 
acidulous  water  and  nitrous  gas.  From  the 
moment  that  it  has  become  red,  it  yields  no- 
thing elfe  but  oxigen  gas,  mixed,  efpeeially 
towards  the  end,  with  a little  azotic  gas.  In 
order  to  obtain  this  laffc  product,  a ftronger  fire 
is  requifite  than  for  the  firft.  In  proportion  as 
the  oxigen  gas  is  difengaged,  the  oxide  is  re» 
duced,  and  paffes  into  the  ftate  of  running 
mercury,  like  the  oxide  per  fe,  from  which  it 
differs  only  in  the  fmall  portion  of  azotic  gas, 
proceeding  from  the  nitric  acid  which  is  found 
amongft  its  aeriform  products.  It  was  with  this 
beautiful  experiment  that  Lavoilier  commenced 
his  analyfis  of  the  nitric  acid,  and  it  was  from 
this  that  he  gradually  af cended  to  the  general 
knowledge  of  the  nature  of  the  other  acids, 
and  of  the  theory  of  acidification. 
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86.  The  pure  neutral  nitrate  of  mercury, 
when  expofed  to  the  air  in  cryftals,  is  incef- 
iantly  altered  ; it  gradually  abforbs  the  atmo- 
fpheric  oxigen  ; it  pafles  from  the  white  to  the 
yellow  colour  ; it  cannot  be  preferved  without 
alteration,  except  in  dole  veflels  ; when  it  has 
affumed  a yellow  colour  at  its  fur  face,  if  we 
attempt  to  dilfolve  it  in  water,  a powder  fepa- 
rates  of  the  fame  colour— pale  if  the  water  be 
cold,  and  deeper  if  it  be  boiling.  This  was 
the  nitrous  turpeth  of  Monnet,  and  its  forma- 
tion is  known  from  what  has  been  faid  above. 
This  powder  is  a yellow  oxide,  retaining  a fmall 
quantity  of  nitric  acid  ; it  is  a nitrate  with  ex« 
cefs  of  oxide  of  mercury,  which  pafles  more 
eafdy  and  fpeedily  into  the  ftate  of  precipitate 
or  red  oxide  when  we  heat  it,  lince  it  has  already 
undergone  part  of  its  decompofition  as  nitrate 
of  mercury.  Boiling  water  renders  its  colour 
deeper,  not  only  becaufe  it  favours  its  union 
with  the  atmofpheric  oxigen,  but  alfo  becaufe 
it  feparates  from  it  a portion  of  white  nitrate  of 
mercury  which  is  ltill  mixed  with  it:  it  is  even 
remarked  that  this  fpecies  of  nitrous  turpeth  is 
more  oxidated  than  that  formed  by  the  ful- 
phuric  acid,  as  it  is  much  more  loaded  with 
oxigen  by  the  firft  than  by  the  fécond  of  thefe 
acids.  Accordingly,  it  pafles  quickly  into  the 
ftate  of  red  oxide  by  the  action  of  the  fire, 
whilft  that  which  proceeds  from  the  fulphuric 
acid  does  not  undergo  this  fpecies  of  decompo- 
fition but  with  great  difficulty. 
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87*  It  m lift  eafily  be  comprehended,  that  the 
nitrate  of  mercury  is  not  completely  foluble  in 
water,  except  when  it  is  very  white  and  very 
pure  : it  has  been  obferved,  that  the  nitrate 
with  excefs  of  acid,  is  lefs  altered  in  the  air? 
and  affirmes  much  lefs  of  a yellow  tinsse,  than 
the  neutral  nitrate,  and  that,  in  general,  at  a 
low  temperature,  an  excefs  of  nitric  acid  op- 
pofes  the  oxidation  of  mercury,  and  renders 
the  nitrate  of  this  metal  more  permanent  and 
lefs  dccompofable  than  it  is  in  the  pure  ftate. 
This  is  a general  phenomenon  in  all  the  combi- 
nations of  the  metallic  oxides  with  the  acids. 
As  thefe  cannot  diffolve  the  oxides,  except 
at  a certain  term  of  oxidation,  beyond  which 
the  latter  cannot  unite  with  them,  or  are  fepa- 
rated  from  them;  the  acids  which  are  combined 
with  them  retain  them,  and  put  a period  to 
their  oxidability  by  the  air,  or  at  lealt  retard  its 
prog-refs  by  means  of  the  adhdion  which  they 
have  contracted  with  them,  and  this  oxidibility 
refumes  all  its  force  at  the  moment  when  the 
oxides  are  feparated  from  the  acids.  The  molt 
ftriking  example  of  this  elfe  ft  has  been  exhi- 
bited in  the  hiftory  of  Manganefe. 

88.  The  nitrate  of  mercury  is  decompofed  by 
all  the  alkaline  fubftançes  with  different  pheno- 
mena, according  to  its  ftate,  and  efpecially  ac- 
cording to  the  degree  of  the  oxidation  of  the 
oxide  which  it  contains  ; for  this  condition  has 
more  influence  upon  the  difference  of  the  preci- 
pitates than  that  of  the  proportion  of  nitric  acid» 
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Bergman  diftinguiflied  the  two  folutions  of  mer- 
cury, that  which  is  not  precipitated  by  water, 
or  which  is  in  good  condition  with  reipect  to 
itsufe  as  a re-agent,  from  that  which  is  precipi- 
tated by  water,  and  which,  in  the  fame  point 
ot  view,  is  in  bad  condition,  by  the  di.v'erfity 
of  the  precipitates  which  each  of  them  is  fufcep- 
tible  of  yielding  by  means  of  the  alkaline  fub- 
ftances.  According  to  him,  the  firft  yields,  by 
pot-afh,  an  oxide  of  a white  colour,  inclining  to 
the  yellow  ; by  the  carbonate  of  pot-afh,  a white 
oxide;  by  ammonia,  an  oxide  of  a greyifh 
black  ; by  the  fulphuric  acid  and  the  fulphates, 
a white  granulated  powder;  by  the  muriatic 
acid  and  the  muriates,  a precipitate  of  a thick 
confidence  like  curd.  The  fécond,  more  acrid 
and  lefs  cryflallizable,  yields  yellower  or  browner 
precipitates  by  the  fixed  alkalis  ; by  ammonia, 
a white  precipitate;  by  the  fulphuric  acid  and 
the  fulphates  a yellowifh  precipitate  ; and  by  the 
muriatic  acid  a more  abundant  coagulum.  The 
following  are  the  fluffs  which  I have  oblerved 
refpecting  the  decompofition  of  the  nitrate  of 
mercury  with  excefs  of  acid  bf  ammonia.  This 
alkali  precipitates  it  in  the  form  of  a black 
powder,  in  very  fmall  quantity,  when  the  alkali 
}s  added  in  great  abundance.  If  we  add  only 
a fmall  quantity,  the  precipitate  is  of  a whitifh 
or  grey i fir  colour;  the  clear  folution  which 
fwims  above  the  precipitate,  yields  a large  quan- 
tity of  white  precipitate  when  diluted  with  wa- 
ter ; the  fame  white  depofition  is  obtained  when 
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we  mix  nitrate  of  mercury  and  nitrite  of  am- 
monia ; when  the  liquor  that  has  been  rendered 
turbid  by  the  addition  of  water  is  evaporated, 
it  depofits  prifmatic  cry  fiais  with  fix  fides,  in 
proportion  as  the  free  ammonia  is  volatilized. 
The  white  precipitate  is  a neutral  fait,  a kind  of 
very  foluhle  animoniaco-mercurial  nitrate,  with 
excels  of  oxide  of  mercury  and  of  ammonia  re- 
latively to  the  proportion  of  nitric  acid,  in  which 
the  oxide  of  mercury  appears  to  be  faturated 
with  ammonia,  and  to  form  a fort  of  ammoni- 
acal mercuriate.  It  is  compofed  in  fact  of 
68,20  of  oxide  of  mercury,  16  of  ammonia, 
and  15,80  of  nitric  acid  and  water. 

89,  The  combination  of  the  oxide  of  mer- 
cury with  the  muriatic  acid,  forms  two  very 
important  compounds,  with  which  chemifts 
have  occupied  themfelves  a great  deal  during 
nearly  a century  paft,  and  which  have  particu- 
larly been  the  lubjeft  of  very  fine  dilcoveries 
in  the  pneumatic  doblrine.  We  might  even  alfert, 
that  the  numerous  fabts  that  had  been  obferved 
and  defer! bed  relative  to  the  faits,  previous  to 
the  eftablilhment  of  this  doctrine,  were  more  fit 
to  ohfeure  than  enlighten  the  knowledge  of 
their  properties.  The  fame  holds  good  with  the 
relation  of  thefe  fabls  to  the  pneumatic  doc- 
trine, as  with  all  thole  that  belong  the  impor- 
tant liiftory  of  mercury  we  find  in  this  expo- 
sition, or  in  the  collebHve  view  of  them,  on 
the  one  hand,  the  true  foundation  of  the  doc- 
trine of  the  French  chemihs,  and,  on  the  other, 
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the  only  happy  explanation  of  their  caufcs  and 
ef techs,  this  two-told  reafon  exacts  that  we 
thould  inveftigate  with  care,  and  examine 
in  detail,  whatever  relates  to  the  union  of 
thefe  fubfiances.  the  Arabs  had  fome  notions 
concerning  the  muriates  of  mercury,  in  the 
tenth  and  eleventh  centuries  ; the  aichemifts 
were  the  firft  who  difcovered  and  defcribed 
them,  amongft  the  experiments  which  they 
made  upon  the  Pliilofopher’s  Stone  ; the  pharma- 
cological chemifis  have  particularly  occupied 
themfelves  with  them.  Bergman  has  inftituted 
a long  examination  of  them;  but  he  neither 
knew  their  nature,  nor  fufpected  their  differ- 
ences, in  the  year  17h9;  a period  at  which, 
indeed,  it  was  yet  impoffible  to  comprehend 
their  differences  and  their  compofition.  Citi- 
zen Berthollet  is  the  firft  who,  after  his  in- 
quiries refpecting  the  oxigenated  muriatic  acid, 
has  explained  the  two  principal  fiâtes  of  muri- 
ate of  mercury,  and  has  given  a clear  account 
of  their  diftinctive  characters  according;  to  his 

O 

ingenious  experiments.  Since  his  difcoveries, 
the  hiftory  of  its  important  combinations  has  no 
longer  prefented  any  obfcurity,  but  has  aéiu- 
ally  become  one  of  the  triumphs  of  the  pneu- 
matic doctrine,  as  will  appear  from  the  expofi- 
lion  which  I purpofe  to  give  of  it. 

90.  The  muriatic  acid  exerts  no  action  upon 
mercury,  neither  in  the  cold  nor  with  the  ap- 
plication of  heat.  It  has  however  been  pre- 
tended, that  when  the  acid  and  the  metal  are 
\ o l.  V,  H h brought 
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brought  together  in  the  ftate  of  vapour,  they 
unite  and  form  a compound  faline  fublimate. 

P o ul  1 e ti  e r-  de  - la  - S allé,  the  French  editor  ot  the 
Pharmacopoeia  of  London,  quotes  an  expei  i- 
ment,  in  which  he  formed  corroiive  miniate  of 
mercury  by  this  procefs  ; but  it  is  evident  that 
only  a very  fmall  quantity  of  fait  can  be  ob- 
tained in  this  manner,  becaufe  the  mercury,  even 
in  the  hate  of  vapour,  exerting  no  aftion  either 
upon  water  or  the  muriatic  acid,  and  not  being 
able  to  take  away  oxigen  from  either  of  thefe 
fubftances,  cannot  unite  with  this  acid  except- 
ing fo  far  as  it  may  have  been  oxidated  at  hr  ft 
by  the  air  of  the  apparatus  ; and  however  large 
the  veflel  may  be,  it  is  difficult  for  the  metal  to 
become  fenhbly  oxidated  by  this  Ample  procefs. 
Accordingly,  all  the  authors  who  have  indicated 
this  procefs,  agree  that  it  furnifhes  but  veiv 
little  fait,  and"  that  it  is  more  curious  than 
ufeful. 

91,  But  though  the  muriatic  acid  exerts  no 
action  upon  mercury,  it  exerts  a very  ftrongone 
upon  the  oxides  of  this  metal,  as  was  firft  ffiown 
by  Margra'ff  in  1 746.  The  manner  in  which  thefe 
oxides  are  attacked  by  the  muriatic  acid,  varies 
according  to  their  ftate  of  oxidation  and  the 
quantity  of  oxigen  they  contain.  The  black 
oxide  is  fcarcely  fulccptible  of  combination 
with  it»  The  white  oxide  abforbs  it,  and  forms 
with  it abiack muriate,  infoluble  if  it  be  but  little 
oxidated,  and  a foluble  muriate  when  it  is  more 
oxidated  ; for  many  fads  prove  that  the  white 
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o x i <1  e may  vary  in  its  oxidation*  The  yellow 
oxide,  and  particularly  the  red  oxide,  when 
brought  in  contact  with  the  muriatic  acid,  pro- 
duce a fenlible  effervefcence  ; oxigenated  muri- 
atic acid  is  difengaged,  and  the  oxide,  paffing 
to  the  white  colour,  unites  with  the  other 
portion  ot  muriatic  acid,  fo  as  to  form  a folu- 
ble  muriate*  Thefe  phenomena  prove  that  the 
attraction  between  the  oxides  of  mercury  and 
the  muriatic  acid  is  very  ffrong,  and  already 
indicate  that  there  may  be  two  kinds  of  com- 
bination  between  thefe  bodies. 

92.  To  this  attraction  is  owing  the  manner 
in  which  this  acid  acts  upon  the  folutions  of 
mercury  in  the  fulphuric  and  nitric  acids  ; in 
general  it  carries  off  the  oxide  of  mercury 
from  thole  acids  ; but  it  produces  a double  effeCt 
with  thefe  two  faits,  according  to  their  ftate. 
If  we  treat  the  yellow  fulphate  of  mercury,  or 
the  metallic  nitrate  précipitable  by  water,  as 
alfo  the  folid  yellow  nitrate  of  mercury,  with 
the  muriatic  acid,  we  form  a foluble  muriate, 
which  is  termed  the  corrojive  muriate  of  mer- 
cury, on  account  of  its  exceffive  acrimony, 
and  fometimes  fuper-oæigenated  muriate  of  mer- 
cury, on  account  of  the  fuper-abundance  of 
oxigen  which  the  fait  thus  prepared  contains 
in  its  compofition.  If,  on  the  contrary,  we 
treat  acid  or  neutral  fulphate  of  mercury,  or  the 
nitrate  of  mercury  not  précipitable  by  water, 
with  this  acid,  we  obtain  in  the  mixed  liquors 
a heavy,  curdled,  white,  infoluble,  almoft  inlipid 
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precipitate,  which  was  formerly  termed  Jweef 
mercury , and  which  we  now  diftinguifli  by  the 
name  of  muriate  of  mercury,  or  mild  muriate 
of  mercury.  It  is  to  be  obferved,  that  we  ob- 
tain the  fame  refults,  whether  we  treat  the  al- 
kaline muriates,  and  efpecially  muriate  of  foda, 
with  the  fulphates  or  nitrates  of  mercury,  with 
the  aid  of  heat,  or  mix  the  folutions  of  thefe  dif- 
ferent faits  with  each  other.  The  only  difference 
in  the  products  is,  that  the  muriates  of  mercury 
are  volatilized  in  the  firft  cafe,  and  precipita- 
ted or  obtained  by  evaporation  of  the  liquors 
in  the  fécond  ; and  as  thefe  faits  have  aim  oft 
always  been  prepared  in  chemiftry  in  the  dry 
way,  the  products  have  been  termed  the  corro - 
Jive  or  mild  fublimates. 

93.  When  we  place  running  mercury  in  con- 
tact with  liquid  oxigenated  muriatic  acid,  the 
metal  is  quickly  oxidated,  and  converted  into 
a black  and  grey  powder,  which  diffolves  in 
this  acid  when  its  proportion  is  fufficiently 
lame.  The  folution  is  eifecled  without  efter- 
vefcence  or  motion,  for  the  mercury,  in  feizing 
upon  the  oxigen,  is  not  here  under  the  neceffity 
of  difengaging  that  principle  from  another  body 
which  is  obliged  to  efcape  in  the  form  of  gas.  If 
the  proportion  of  oxigenated  muriatic  acid  is  but 
feaiity,  it  forms  a white  powder,  which  is  the 
mild  mercurial  muriate  : if  we  increafe  the 
proportion  of  the  oxigenated  acid,  the  faline 
powder  is  re-diffolved,  and  the  liquor  then 
holds  corrofive  mercurial  muriate  in  folution. 

It 
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It  is  evident  that  this  procefs,  which  is  very 
Ample  and  expeditious,  is  one  of  the  belt 
that  can  be  employed  for  preparing  thefe  faits, 
though  I do  not  know  that  it  has  been  praâif- 
ed  in  the  manufactories,  in  which  it  will  fooner 
or  later  be  adopted,  and  in  which  it  will  be 
fufficient  to  heat  in  clofe  veffels,  adapted  for 
fublimation,  a fort  of  pafte  or  mixture  made 
with  fulphate  of  iron,  muriate  of  foda,  oxide 
of  manganefc,  and  running  mercury;  the  doles 
will  be  varied,  in  order  to  obtain  either  corrofive 
muriate,  or  mild  muriate.  The  theory  of  thefe 
operations  is  very  fimple.  The  fulphate  of  iron, 
when  heated,  gives  out  its  fulphuric  acid,  which 
expels  the  muriatic  acid  from  the  marine  fait 
the  latter  acid  being  then  transferred  to  the  ox- 
ide of  manganefe,  p allés  into  the  oxigenated 
ftate,  foon  yields  its  oxigen  to  the  mercury, 
and  unites  with  its  oxide  into  the  ftate  of  mild 
muriate , if  the  muriatic  acid  be  in  but  fmall 
quantity,  or  into  that  of  corrofive  muriate , 
if  its  quantity  be  more  confiderable  ; thus  it 
will  be  fufficient  to  vary  the  refpecti  ve  propor- 
tions in  order  to  obtain  either  the  one  or  the 
other  of  thefe  products. 

94.  After  what  has  been  faid,  it  is  eafy  to 
conceive  that  the  oxigenated  muriatic  acid 
ought  to  dilToive  all  the  oxides  of  mercury  much 
more  eahly  than  it  does  the  liquid  metal;  ac- 
cordingly there  is  fcaree  one  of  them  with 
which  it  does  not  form  alrnoft  inftantaneoufly, 
and  at  the  moment  of  contact,  fuper-oxigenated 
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and  corrofive  muriate.  Alfo  if  we  mix  this 
acid  with  the  fidphates  of  mercury,  in  whatever 
date  they  may  be,  it  converts  them  all  into 
corrofive  muriate  ; and  if  we  add  it  to  the 
nitric  folutions,  it  constantly  re-dilfolves  the 
precipitates  which  it  firft  produces  in  them,  it 
we  apply  it  in  fufficient  quantity  ; there  are 
even  cafes  in  which  it  does  not  produce  any 
fenfible  precipitate  in  the  nitric  Solution  ot 
mercury  ; fometimes.  even  the  Solution,  when 
it  contains  a very  highly  oxidated  oxide  of 
mercury,  is  not  rendered  turbid  by  the 
ordinary  muriatic  acid,  which  then  forms 
corrofive  muriate  of  mercury,  a proof  that 
the  confiderable  proportion  of  oxigen  is  the 
only  condition  neceffary  to  the  compofition  of 
the  fuper-oxigenated  muriate  of  mercury,  and 
that  it  is  indifferent  whether  this  proportion  be 
furniihed  by  the  acid  or  by  the  oxide. 

95.  There  are  therefore  two  very  different 
combinations  between  the  muriatic  acid,  and 
the  oxide  of  mercury,  which  have  much  ana- 
logy with  thole  that  have  been  equally  distin- 
guished in  the  hiftory  of  the  Sulphate  and  nitrate 
of  the  fame  metal,  depending,  as  in  thefc, 
upon  the  proportion  of  the  oxigen,  and  which 
it  is  effentially  neceffary  to  Study  and  particu- 
larly defcri  be.  We  fit  all  foon  fee  that  there  is 
even  a third  with  excefs  of  acid.  What  has 
already  been  faid  concerning  the  general  nature 
of  tliefe  muriates,  mult  have  been  fufficient  to 
prove  that  they  may  be  prepared  in  a great 
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number  of  different  ways.  Authors  have  alio 
Angularly  differed  from  each  other  with  relpeét 
to  the  procèdes  proper  for  forming  thefe  two 
faits.  Wallerius,  already  in  his  time,  counted 
ten  methods  of  preparing  corrofive  fublimate 
Bergman,  in  his  differtation  written  in  1 7 b'9, 
has  described  a great  number  of  them  ; but 
there  are  fome  that  are  more  generally  adopted 
on  account  of  their  fimplicity  and  fuccefs. 
Though  I have  already  indicated  a new'  one 
which  may  anfwer  the  purpofe  of  the  manu- 
facturers of  this  fait,  I fliall  here  deferibe  fome 
of  the  methods  mod  univerfally  employed  for 
preparing  the  fuper-oxigenated  muriate  of  mer- 
cury, with  which  I fliall  commence  their  hil- 
tory,  and  I fliall  follow  the  fame  plan  with 
refpect  to  the  fweet  muriate  of  mercury,  of 
which  I fliall  fpeak  hereafter. 

,9b.  Moft  generally,  equal  parts  of  defecated 
nitrate  of  mercury,  decrepitated  muriate  of  foda, 
and  fulphate  of  iron  calcined  to  whitenefs  are 
mixed  together,;  this  mixture  is  put  into  a 
matrafs,  two  thirds  of  which  muft  be  left  emp- 
ty; and  the  veffel  is  placed  in  a land-bath, 
which  is  heated  by  degrees  till  the  bottom  of 
the  matrafs  becomes  red-hot.  After  the  ap- 
paratus has  completely  cooled,  it  is  broken  to 
pieces,  in  order  to  extract  the  fuper-oxigenated 
and  corrofive  muriate  of  mercury,  which  is 
found  fublimed  in  the  upper  part  of  the  ma- 
trafs. In  this  operation,  the  fulphuric  acid 
difengaged  from  the  fulphate  of  iron  by  the 
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action  of  the  fire  decompofes  the  muriate  of 
fo da,  whofe  muriatic  acid  feparates  the  nitric 
acid  from  the  nitrate  of  mercury  by  taking 
from  it  a portion  of  its  oxigen  ; being  thus 
furcharged  with  this  principle,  it  unites  with 
the  mercurial  oxide,  with  which  it  forms  the 
corrofive  muriate;  nitrous  gas  is  difengaged  ; 
there  remains  at  the  bottom  of  the  veffel  a red 
mafs  coloured  by  the  oxide  of  iron,  from  which 
fulphate  of  foda  is  ext  rafted  by  means  of  water. 
It  is  afferted,  that  in  the  large  manufactories 
in  Holland,  this  product  is  obtained  by  ex- 
pofing  to  a violent  fire  a mixture  of  equal 
parts  of  mercury,  muriate  of  foda  and  fulphate 
of  iron.  In  this  procefs,  which  has  been  in- 
dicated by  many  authors,  it  appears  that  the 
red  oxide  of  iron,  the  refidue  of  the  decom- 
pofition  of  the  fulphate,  yields  a fulficient 
quantity  of  oxigen  to  the  muriatic  acid  to  give 
it  the  property  of  transferring  itfelf  to  the 
mercury,  of  combining  with  it,  and  reducing 
it  to  the  ftate  of  fuper-oxigenated  muriate.  It 
is  alfo  poffible  to  obtain  the  fame  fait,  by  treat- 
ino;  with  fire  mixtures  of  fulphate  of  iron, 
muriate  of  foda,  and  different  oxides  of  mer- 
cury obtained  by  precipitating  its  folutions 
by  an  alkali. 

07.  Boulduc  has  revived  an  old  procefs  of 
Kunckel,  which  alfo  fucceeds  very  well,  and 
which  is  more  fimple  than  the  preceding , ones  : 
it.  conflits  in  heating,  in  a matrafs,  a mixture 
of  equal  parts  of  deficcated  acid  fulphate  of 
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mercury,  and  decrepitated  muriate  of  foda.  In 
this  cafe,  after  the  fublimation  of  the  fuperoxi- 
genated  muriate  of  mercury,  pure  fulphate  of 
foda  remains  alone  at  the  bottom  of  the  velTel. 
This  procefs  is  that  which  of  all  others  affords  the 
pureft  fuper-oxigenated  muriate  of  mercury  ; 
for  that  from  Holland  is  generally  mixed  with 
oxide  of  iron,  or  perhaps  with  muriate  of  iron, 
which  being  decompofed  in  every  fublimation 
to  which  it  is  fubjeded,  always  leaves  a final! 
quantity  of  oxide  of  this  metal  at  the  bottom 
of  the  fubliming  veffels.  What  has  been  faid 
concerning  the  fulphate  of  mercury  in  the  pre- 
ceding numbers,  eafily  explains  the  production 
of  the  fuper-oxigenated  muriate  of  mercury 
which  takes  place  in  the  procefs  of  Kunckel. 
The  ftrong  oxidation  of  the  mercury  fuffices 
here  in  the  fame  manner  as  when  the  muriatic 
acid  is  placed  in  contact  with  an  oxide  of  this 
metal  ; it  is  the  cafe  of  the  yellow  fulphate 
which,  as  has  been  explained  above,  conftantly 
forms  fuper-oxigenated  muriate  of  mercury 
with  the  muriatic  acid.  Monnet  allures  us, 
that  by  treating  muriate  of  foda,  in  a fublim- 
ing veffel,  with  the  oxide  of  mercury  precipi- 
tated from  its  nitric  folution  by  means  of  fixed 
alkali,  we  alfo  obtain  corrofive  fublimate.  This 
experiment,  which  appears  contradictory  to  the 
known  attractions,  requires  to  be  repeated; 
no  chemift,  fmce  him  who  propofed  it,  has 
hitherto  confirmed  its  fuccefs* 
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98.  We  may  quickly  prépare  fupcr-oxigcnat- 
rd  muriate  of  mercury,  by  pouring  oxigenated 
muriatic  acid  into  a nitric  folution  of  this 
metal,  and  evaporating  the  liquor  when  it  con- 
tains the  former  acid  in  fuper-abundance  ; the 
acid  of  the  nitre  difengages  itfelf  in  vapour  ; 
a part  of  the  oxigenated  muriatic  acid  is  vo- 
latilized ; and  the  liquid,  after  fufficient  eva- 
poration, and  having  been  fuffered  to  cool, 
depofits  regular  and  pure  cryftals  of  corrofive 
mercurial  muriate.  This  procefs,  which  is 
equally  compendious,  and  free  from  danger  of 
vapours,  is  particularly  well  adapted  for  being 
ufed  in  pharmaceutical  laboratories  ; and  its 
product,  being  very  pure,  may  be  efpec-ially  de- 
voted to  medicinal  purpofes  : it  is  not  neceffary 
to  fublime  the  fait  obtained  in  this  manner. 


99.  The  oxigenated  or  fuper-oxigenated  mu- 
riate of  mercury.  If  we  place  a particle  of  it 
upon  the  tongue,  it  leaves  for  a long  time  a 
very  ftrong  and  difagreeable  lenfation  of  me- 
tallic ftypticity  in  the  month.  This  impreffion, 
propagated  to  the  fauces  and  larynx  produces 
a fpafmodic  conftricfion  of  thole  parts,  attended 
with  a ftrangulating  fenfation,  which  laits  lève- 
rai hours,  and  is  extremely  painful  to  nervous 
perfons.  Its  action  upon  the  ftomach  and  in- 
teftines  is  ftill  much  more  violent;  if  it  re- 
mains for  fome  moments  applied  to  their  coats, 
it  corrodes  them,  penetrates  through,  or  in- 
fâmes them,  and  renders  them  lphacelous  ; the 
parts  which  it  has  touched  falling  off  in  gan- 
grenous 
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g renous  doughs.  Before  this  terrible  effect 
flip  erven  es,  it  produces  rending  pains,  naufea, 
vomiting,  convulfions,  proftration  of  ffrength, 
and  all  the  formidable  fymptoms  that  prognof- 
ticate  the  fpeedy  death  which  it  occafions  ; it 
is  one  ot  thefe  fubftances  which,  after  having 
violently  excited  the  vital  action,  fubfequently 
weakens  and  flops  them  with  the  greater 
energy,  and  by  its  chemical  and  deleterious 
action  caufes  the  parts  which  it  touches  to 
pais  rapidly  into  mortification.  The  deflrue- 
tive  effects  of  a powerful  cauftic  are  eafily  dif- 
tinguifhable  in  the  traces  which  it  leaves  be- 
hind after  its  adion.  The  ancient  chcmifts, 
attributed  thefe  effeds  to  the  prefence  of  the 
acid.  Nothing  however  can  be  more  erroneous 
than  this  opinion,  and  at  prefent  every  thing 
proves  that  this  action  is  owing  to  the  ftate  of 
the  oxidation  of  the  mercury.  From  thefe 
facts  we  may  judge  how  dangerous  it  is  to 
prefcribe  the  fuper-oxigenated  muriate  in  the 
folid  form,  as  is  neverthelefs  fo  inconsiderately 
done  by  ignorant  perlons. 

100.  The  form  of  the  fuper-oxigenated  mu- 
riate of  mercury  is  extremely  various.  By  fub~ 
Filiation  it  affords  a great  number  of  needles  or 
very  fine  prifms,  lying  clofe  againft  each  other, 
which  appear  to  be  tetrahedral  and  compreffed. 
Authors  have  compared  them  to  the  beards  of 
feathers  and  to  fword-blades.  When  cryflallized 
by  means  of  water,  it  is  either  in  cubes,  or  in 
oblique  paralellopipcdons,  or  in  very  fmall 
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prifms.  Sometimes  it  affords  quadiangulai 
prifms,  with  Tides  alternately  narrow  and  bioad, 
terminated  by  cuneiform  iummits,  and  p refen  t- 
ing  two  inclined  planes.  It  is  laid  to  have  been 
alfo  obtained  in  very  regular  hexahedral  piifms. 
I11  general  it  prefçnts  fliarp  points  at  its  extie- 
mities  ; and  chemifts  have  made  an  improper 
application  of  this  form,  in  order  to  compare  it 
with  fword  or  dagger- points,  imagining  thereby 
to  explain  its  effedts  upon  the  animal  economy, 
which  is  very  far  from  being  the  product  ot 
any  mechanical  adtion.  Philofophers  have  no 
lefs  varied  from  each  other  in  appreciating  its 
fpecific  gravity.  In  the  Phyfique  of  Cofte,  we 
find  it  eft  i mated  at  6,325,  whilft  Mufchenbroeck 

makes  it  amount  to  8,000. 

101.  This  fait  poffeffes  a confiderable  degree 
of  volatility,  on  which  account  it  has  îeceived 
the  name  of  corrojive  fublimate . It  is  eafily 
reduced  to  the  ftate  of  vapour  in  the  air,  and 
this  vapour  is  extremely  dangerous  when  re- 
ceived into  the  lungs.  It  is  not  decompoiable 
by  the  adtion  of  caloric,  nor  does  it  yield  oxigen 
gas,  though  fome  modern  authors  have  afleited 
that  it  does.  W ere  this  the  cate,  it  would  be- 
come mild  muriate  ot  meicuiy,  wheieas,  it  is 
well  known,  that  it  does  not  undergo  this 
change  by  the  adtion  of  fire.  It  is  unalterable 
by  the  air,  in  which,  however,  it  lofes  fomething 
of  its  tranfparence,  and  becomes  white,  opaque, 
and  pulverulent  at  its  furface.  It  is  foluble.in 

about  20  parts  of  cold  water;  hot  water  dil- 
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îolves  a little  more  of  it  ; however,  it  cryftalîizes 
very  little  by  refrigeration,  and  regular  cryf- 
tals  are  obtained  only  by  flow  evaporation. 
rihe  iulphuric  acid  renders  it  much  more  folu- 
ble,  but  it  precipitates  it  by  refrigeration,  in 
an  unaltered  ftate,  which  accords  with  the  de- 
compofltion  of  the  fulphate  of  mercury  by  the 
muriatic  acid  and  the  muriates.  The  muriatic 
acid  produces  the  fame  eftedt  upon  the  fuper- 
oxigenated  muriate  of  mercury,  and  adheres  to 
it  fenfibly,  producing  a variation  in  its  cryf- 
tallizability;  for  it  is  afterwards  obtained  in  no 
other  form  than  that  of  fmall  needles,  or  elfe  it 
can  no  longer  be  made  to  cryftallize  : the  nitric 
acid,  in  diffolving  it,  extricates  vapours  of 
oxigenated  muriatic  acid,  according  to  Berg- 
man, who,  however,  allures  us,  that  it  may 
afterwards  be  obtained  in  the  ervftalline  form, 
without  having  loft  either  weight  or  its  other 
properties. 

102.  All  the  earthy  and  alkaline  fubftances 
poftefs  the  power  of  decompoflng  the  fuper-oxi- 
genated  muriate  of  mercury,  and  precipitating 
its  folution.  Bergman  obierves,  that  the  fixed 
alkalis  generally  produce  a red  precipitate  from 
it,  but  that  this  precipitate  varies  according  to 
the  proportion  of  the  acid,  which  he  believes 
to  be  variable,  and  that  it  approaches  to 
white  when  the  quantity  of  the  acid  is  very 
abundant.  It  is  to  be  obferved,  on  this  head, 
that  well  neutralized  fuper-oxigenated  mu- 
riate of  mercury,  poffeffing  the  property  of 
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turning  the  fyrup  of  violets  green,  of  a regular 
cryftalline  form,  is  a metallic  fait,  fui  generis , 
which  does  not  vary  in  the  proportion  of  its 
principles  ; that  it  was  an  old  error,  which  had 
prevailed  for  a long  time,  to  fuppofe  a very 
abundant  proportion  of  acid  to  be  contained  in 
it  ; for  it  cannot  contain  an  excefs  of  acid, 
unlefs  when  it  is  ill-prepared  : the  fixed  alkalis 
always  precipitate  from  its  pure  and  neutral 
folution  an  oxide,  which  at  firft  is  of  an  orange- 
yellow,  and  afterwards  allumes  a brick-red 
colour,  in  proportion  as  it  abforbs  the  atmof- 
pheric  air,  as  is  proved  by  the  identity  of  the 
colour  which  commences  at  the  fuperior  part 
of  the  liquor.  The  alkaline  carbonates  produce 
in  it  a precipitate  of  a fainter  tinge,  of  a fimple 
yellow  colour,  which  does  not  grow  deeper  like 
the  former,  becaufe  the  carbonic  acid  prevents 
the  abforption  of  oxigen.  The  folution  of  the 
fuper-oxigenated  muriate  of  mercury  is  a good 
re-agent  for  difcovering  the  prefence  of  an 
alkali  in  a liquid,  for  it  is  fenfibly  precipitated 
in  a red  or  yellow  Itatc  by  the  fmalleft  pofiible 
quantity  of  this  bafe. 

103.  A mixture  of  about  300  parts  of  lime- 
water,  and  one  part  of  fuper-oxigenated  mu- 
riate of  mercury,  is  prepared  for  pharmaceu- 
tical purpofes,  and  termed,  on  account  of  its 
acrimony,  phagadenic  water  : as  foon  as  the 
mixture  is  made,  a yellow  precipitate  is 
produced,  which  foon  pafies  to  a brown  co- 
lour, and  is  nothing  but  a mercurial  oxide* 
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capable  of  adling  as  a gentle  efcharotic,  how- 
ever fin  all  its  quantity,  and  however  abund- 
antly diluted  with  water  it  may  be.  It  is  em~ 
ployed  for  furgical  ules,  and  the  mixture  is 
always  agitated  whenever  it  is  to  be  applied. 

104.  It  has  long  been  known,  that  ammonia, 
or  volatile  alkali,  precipitates  the  folution  of 
fuper-oxigenated  muriate  of  mercury  in  the 
white  ftate,  but  the  nature  of  this  precipitate 
was  not  known.  The  following  experiments 
conduced  me  to  the  knowledge  of  it.  One 
hundred  parts  of  corrolive  muriate  of  mercury, 
mixed  with  ammonia  in  excels,  yielded  me 
86  parts  of  this  white  precipitate  in  a pretty 
dry  itate;  but  foda  gave  me  only  75  parts 
of  brick-coloured  oxide.  The  white  precipi- 
tate has  at  firft  merely  an  earthy  talte,  which, 
after  fome  moments  becomes  metallic  and  dis- 
agreeable ; water  does  not  appear  to  diffolve  it. 
Diftilled  in  a retort,  it  yields  ammonia  in  tire 
form  of  gas  and  of  a liquid  with  azote  gas,  and 
0,86'  of  mild  muriate  of  mercury.  The  ful- 
phuric  acid  formed  with  this  fubftance  corrolive 
muriate  and  ammoniaco-mercurial  fulphate. 
The  nitric  acid  converted  this  precipitate  into 
corrolive  muriate  and  ammoniaco-mercurial 
nitrate;  the  muriatic  acid  diffolved  it  entirely, 
and  formed  a foluble  mercurio-ammoniacal  mu- 
riate, the  true  Sal  Alembrothi  of  the  ancient 
chemifts,  of  which  I lliall  fpeak  hereafter.  An 
accurate  analyfis  proved  to  me  that  this  preci- 
pitate contained  0,81  of  oxide  of  mercury,  0,16 
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of  muriatic  acid,  and  0,03  of  ammonia;  there 
remained  in  the  fupernatant  liquor  the  pure 
muriate  of  ammonia.  The  great  difference  be- 
tween the  precipitation  of  the  fuper-oxigena- 
ted  muriate  of  mercury,  and  that  of  the  fill- 
phate  and  nitrate  of  the  fame  metal,  confifts 
in  the  circumftance  that  there  is  no  oxide  of 
mercury  reduced,  and  that  the  whole  of  the 
precipitate  conftitutes  a triple  infoluble  fait. 
This  fhows  that  the  ammonia,  without  de- 
compofing  the  fuper-oxigenated  muiiate  of 
mercury,  and  without  feparating  oxide  fiom  it, 
forms  a triple  fait  in  which  this  oxide,  moie 
abundant  than  in  the  corrofive  fublimate,  is 
faturated  by  the  ammonia,  which  it  at  the 
fame  time  faturates  after  the  manner  of  an 

acid. 

105.  All  the  precipitations  of  the  fuper- 
oxigenated  muriate  of  mercury  by  the  alkaline 
fub  flanc  es,  conduft  us  to  the  knowledge  of  the 
proportions  of  the  principles  of  this  ialt,  and 
yet  they  have  not  hitherto  been  accurately 
determined.  According  to  fachenius,  the 
mercury  is  to  the  acid  as  5—  to  1.  Lemery 
gives  this  proportion  : : : 1.  Bergman,  who 

fecms  to  come  neareft  to  the  tiutli,  fays,  in  his 
Humid  Docimafia,  that  100  parts  of  fuper- 
oxigenated  muriate  of  mercury  contain  24,5 
of  muriatic  acid,  and  75,5  of  mercury  ; but 
there  is  an  error  in  this  eflimate  ; for  if  this 
fait  contains  0,75  of  running  mercury,  as  Berg- 
man announces,  it  is  evident  that  we  xnuft  fub- 
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traél  from  the  24 ,5  of  acid  the  proportion  of 
oxigen,  which  cannot  be  computed  at  lefs  than 
between  9 and  12  to  the  75,5  of  metal:  100 
parts  of  the  fuper-oxigenated  muriate  of  mer- 
cury,  muff  therefore  contain  at  the  higheif  com- 
putation Id, ,5  of  muriatic  acid,  or  at  the  loweft 
12,5.  It  muff  be  left  to  fubfequent  experiments 
to  determine  in  how  far  this  eftimate  is  deficient, 
which  as  yet  can  be  only  an  approximation  to 
the  truth. 

106.  The  fuper-oxigenated  muriate  of  mer- 
cury is  decompofed  by  water  charged  with 
fulphu rated  hidrogen  gas,  as  alfo  by  the  hidro- 
genated  fulphurets  and  the  alkaline  hidro» 
fulphurets.  Thefe  combuftible  mixtures  all 
yield  alike  a precipitate  of  black  fulphurated 
oxide  of  mercury,  which  pafles  more  or  iefs 
fpeedily  into  the  red  colour,  and  the  fetid  fmell 
of  the  hidrogenated  fulphurets  is  deftroyed. 
By  means  of  this  procefs  we  alfo  form  a black 
or  red  fulphurated  oxide  in  the  humid  way. 
Phofphorus,  which  eafily  decompofes  the  nitrate 
oT  mercury  when  it  is  kept  for  fome  time  im- 
merfed  in  its  folution,  does  not  fo  éaiily  effect  the 
decomposition  of  the  fuper-oxigenated  muriate 
of  mercury,  becaufe  its  particles  poffefs  a if  ronger 
adhefion  than  thofe  of  the  nitrate.  The  phof- 
phorated  hidrogen  gas  precipitates  it  in  a black 
powder.  Carbon  exerts  no  aétion  upon  this 
fait,  ne itl  er  in  the  cold  nor  in  heat. 

107.  Amongif  the  faits  which  have  hitherto 
been  examined,  the  ammoniacal  muriate  is  the 
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only  one  with  whofe  effects  upon  the  fuper- 
oxigenated  muriate  of  mercury,  we  are  well 
acquainted.  This  combination  has  long  fincc 
been  difcovered  and  examined  by  the  alche- 
mifts,  who  termed  it  Sal  Alembroth , or  Sal 
Sapientice , as  they  placed  great  reliance  upon 
its  properties  for  the  attainment  of  their  grand 
ohjedf,  and  whatever  flattered  them,  in  this 
refpecf,  with  the  chimerical  hope  of  fuccefs,  was 
decorated  in  their  language  as  well  as  in  their 
notions  with  a pompous  title.  This  is  perhaps 
the  firffc  triple  fait  that  was  difcovered  and 
known.  The  muriate  of  ammonia  renders  the 
fuper-oxigenated  muriate  of  mercury  much 
more  foluble  than  it  naturally  is  ; for  one  part  of 
the  hrft,  diffolved  in  three  of  water,  renders 
almoft  five  of  the  fécond  foluble  in  the  fame 
fluid,  though  thefe  five  parts  of  the  latter  would 
require  nearly  100  parts  of  water  for  their  folu- 
tion,  if  alone.  In  this  experiment,  heat  is 
produced  on  account  of  the  denfity  which  the 
liquid  allumes,  and  this  afterwards  becomes 
folid  on  cooling  : there  is,  therefore,  reafon  to 
believe,  that  its  liquid  ftate  depends  upon  the 
elevation  of  temperature  which  accompanies  its 
folution.  The  ammoniaco-mercurial  muriate 
is  equally  formed,  or  rather  it  is  not  decompofed 
by  fublimation,  and  the  two  combined  faits 
of  which  it  is  compofed,  preferve  their  mutual 
adhcfion  and  combination  in  the  volatilization 
to  which  they  are  fubjecied.  When  we  treat 
this  triple  fait,  formed  with  equal  parts  of  the 
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two  faits,  with  an  alkaline  carbonate,  we  obtain 
the  firft  triple  fait  in  a white  precipitate,  formed 
in  other  proportions,  which  lias  been  defcribed 
above  in  the  hiftory  of  the  precipitation  of  the 
luper-oxigenated  muriate  of  mercury  by  am- 
monia. In  pharmacy,  the  fait  obtained  by  this 
laft  mentioned  procefs  is  termed  white  precipi- 
tate of  mercury , though  this  name  is  alfo  given 
to  the  fweet  muriate  of  mercury  formed  by 
pouring  the  muriatic  acid  into  a folution  of 
nitrate  of  mercury  ; this  laft  precipitate  is  alfo 
termed  cofmetic  mercury , or  milk  of  mercury . 
In  order  to  diftinguiih  this  fpecies  of  white 
precipitate  or  triple  muriate  of  mercury  and 
ammonia,  from  that  which  is  foluble,  and  which 
was  formerly  termed  Sal  A lem broth,  I dé- 
fi gn  ate  the  latter  by  the  name  of  foluble  am - 
moniaco-mer curial  muriate , and  the  former  by 
that  of  infoluble  mercurio-ammoniacai  muriate. 

108.  The  fuper-oxigenated  muriate  of  mer- 
cury is  decompofable  in  heat  by  many  me- 
tallic fubftances,  which  have  more  attraction 
for  oxigen  than  mercury  has.  Thefe  decom- 
pofitions  yield,  fome  of  them  mercury  reduced 
into  the  liquid  form,  others,  metallic  muriates, 
fometimes  fuper-oxigenated,  which  are  all  more 
or  lefs  volatile,  concreting  in  the  cold,  fufible 
in  a gentle  heat,  decompofable  by  water:  they 
were  formerly  termed  metallic  butters  ; they  are 
moie  01  lefs  uieful  in  the  arts  or  in  pharmacy. 
It  is  alfo  remarked,  that  thefe  decompofitions 
of  the  fuper-oxigenated  muriate  of  mercury  arc 
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effeaed  by  the  fulphurets  or  the  fulphurated 
oxides  of  the  fame  metals,  and  inftead  of  having 
then  running  mercury,  we  obtain  red  fulphu- 
rated oxide  of  mercury.  It  is  further  to  be 
obferved,  that  the  oxides  of  thefe  metals  alone 
do  not  in  general  decompofe  the  fuper-oxigena- 
ted muriate  of  mercury  ; for  this  decompofition 
being  effeaed  only  by  the  attraaion  of  thefe 
metals  for  the  oxigen  which  they  take  away 
from  the  mercury,  they  can  no  longer  produce 
this  effea  when  they  are  faturated  with  it. 
Thus  the  oxide  of  arfenic,  and  thofe  of  bif- 
mutli  and  antimony,  do  not  by  themfelves 
decompofe  the  fuper-oxigenated  muriate  of  mer- 
cury, though  their  metals  decompofe  it;  but 
thefe  oxides,  when  combined  with  fulphur, 
decompofe  it,  becaufe  the  oxide  of  mercury  is 
attradted  by  the  fulphur  ; whilft  the  muriatic 
acid  on  its  part  attraas  each  of  thefe  oxides, 
which  it  converts  into  volatile  muriates. 

109.  This  general  theory  of  the  aaion  of 
the  metals,  and  of  the  metallic  fulphurets  upon 
the  fuper-oxigenated  muriate  of  mercury,  is 
eafily  applicable  to  each  of  the  particular  de- 
compositions that  are  effeaed  upon  this  fait  by 
thefe  bodies. 

a.  When  we  diftil,  by  a gentle  heat,  two 
parts  of  fuper-oxigenated  muriate  of  mercury 
with  one  part  of  metallic  arfenic,  previoufly 
pulverized,  and  well  mixed  in  a glafs  mortar, 
there  paffes  into  the  receiver  a fubftance  of  the 
confiftence  of  oil  and  tranfparent,  part  of  which 
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fixes  itfelf  into  a fpecies  of  jelly,  which  has- 
been  termed  corrofive  oil , or  butter  of  arfenic , 
this  is  the  lublimed  muriate  of  arfenic  ; the  run- 
ning mercury  pades  over  afterwards.  The 
arfenical  muriate  is  decompofed  by  water,  which 
precipitates  arfenious  acid  from  it.  This  acrid 
and  cauftic  fait  fpeedily  deflroys  the  organs  of 
animals. 

b.  Equal  parts  of  fulphurated  oxide  of  arfenic 
and  fuper-oxigenated  muriate  of  mercury,  yield 
by  diftillation  muriate  of  arfenic,  and  red  ful- 
phurated oxide  of  mercury,  which  was  for- 
merly termed  cinnabar  of  arfenic . 

c.  Two  parts  of  corrofive  muriate  of  mer- 
cury, and,  one  part  of  bifmuth,  diftilled  to- 
gether, produce  a thick  liquid,  partly  con- 
gealed into  the  confidence  of  a very  fufible 
fat,  précipitable  by  water,  diftinguifhed  by  the 
name  of  butter  of  bifmuth,  and  which  is  the 
fublimed  muriate  of  bifmuth.  The  mercury  re- 
mains combined  with  a portion  of  the  bifmuth 
in  a crydallized  amalgama,  or  is  partly  vola- 
tilized. Poli,  who  had  deferibed  this  experi- 
ment in  the  year  1713,  in  the  Memoirs  of  the 
Academy,  afferts  that  when  this  butter  of  bif- 
muth is  repeatedly  diddled,  there  remains  in 
the  retort  a fhining  powder,  of  the  colour  of 
mother  of  pearl,  undtuous,  foft  to  the  touch, 
and  of  fo  beautiful  an  appearance,  that  he  has 
propofed  it  to  be  ufed  by  painters. 

d . When  one  part  of  pulverized  antimony  is 
triturated  with  two  parts  of  fuper-oxigenated 
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muriate  of  mercury,  heat  is  excited  which 
indicates  a very  violent  action  between  the 
two  fub (tances,  and  proceeds  merely  from 
the  fixation  of  the:  oxigen  of  the  mercury 
in  the  antimony.  This  mixture,  diftilled  in  a 
glafs  retort,  with  a gentle  heat,  yields  a thick 
liquid,  of  a greafy  appearance,  and  flightly 
fuming,  which  fixes  itfelf  in  the  receiver,  and 
in  the  neck  of  the  retort,  to  the  beak  of  which 
it  hangs  like  a ftaladtite,  in  a greyifh  white 
mafs,  frequently  in  a cryftalline  form,  and 
radiated  at  its  furface.  This  product  weighs 
more  than  the  antimony  by  one  fourth:  it  was 
formerly  termed  butter  oj  antimony  ; we  now 
call  it  fub  limed  muriate  of  antimony . When 
this  fait  has  paffed  over,  and  the  operation  is 
itopped,  the  refidue  is  then  a fort  of  amalgam 
of  antimony  ; a portion  of  the  latter  metal 
floats  at  the  top  in  the  form  of  a grey  powder. 
By  continuing  the  application  of  the  heat,  and 
changing  the  receiver,  after  having  obtained 
the  muriate  of  antimony,  we  obtain  running 
mercury.  If  this  operation  be  performed  with  the 
fulphuret  of  antimony,  there  fublimes  after 
the  antimoniated  muriate,  and  by  the  applica- 
tion of  a flrong  heat,  a violet-coloured  ful- 
phurated  oxide  of  mercury,  which  does  not 
contain  a fufficiency  of  oxigen  to  exhibit 
the  bright  red  colour,  and  which  was  for- 
merly termed  fublimed  cinnabar  of  antimony. 
This  procefs  does  not  fucceed  unlels  with 
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a porcelain  retort,  and  a great  degree  of 
heat.  The  fublimed  muriate  of  antimony,  pre- 
pared by  either  of  thefe  procédés,  cryftallizes, 
by  flow  refrigeration,  into  very  thick  paralello- 
pipedons.  It  is  a violent  cauftic,  which  cor- 
rodes and  burns  the  organs  of  animals,  and 
is  employed  externally  with  great  fuccefs, 
for  deftroying  different  kinds  of  virus  in- 
troduced into  the  fkin,  and  efpecially  the  hi- 
drophobic  virus  introduced  by  the  bite  of  a 
rabid  animal.  The  fublimed  muriate  of  anti- 
mony becomes  coloured  by  expofure  to  the 
light  and  air;  it  melts  and  runs  like  fat  in  a 
gentle  heat  ; it  attraéfs  the  humidity  of  the 
atmofphere,  and  is  refolved  into  a thick  olea- 
ginous fluid  ; it  is  decompofed  and  precipi- 
tated by  water  which  feparates  from  it  a very 
white  oxide  of  antimony,  which  formerly  was 
known  by  the  very  improper  name  of  mercury 
of  life,  and  that  of  powder  of  algaroth,  after 
A1  garothi  an  Italian  phyfician,  who  firft  re- 
commended and  employed  it  as  an  emetic  and 
purgative  remedy.  The  water,  after  having 
precipitated  it,  retains  a portion,  diffolved 
in  the  muriatic  acid  which  it  takes  up.  The 
nitric  acid  diffolves  the  fublimed  muriate  of 
antimony,  with  heat,  effervefcence  and  extri- 
cation of  nitrous  gas  ; it  forms  a nitro-muri- 
ate  of  antimony  at  firft  in  a red  liquid,  which 
foon  depofits  a white  powder  or  magma,  when 
this  folution  is  % evaporated  to  dry  nefs,  and 
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afterwards  its  weight  of  nitric  acid  added, 
and  again  evaporated.  When  this  operation 
has  been  thrice  repeated,  and  the  refidue  laftly 
heated  in  a crucible,  which  is  kept  ignited  for 
the  ipace  of  half  an  hour,  we  obtain  an  oxide 
white  at  the  top,  and  of  a light  rofe  colour 
at  the  bottom,  which  was  formerly  termed 
hezoar  mineral , and  is  analogous  to  the  oxide 
formed  by  nitre.  We  have  feen  that  anti- 

at' 

m on  y , diflolved  immediately  in  the  muriatic 
acid,  may  afford,  by  fublimation,  the  fame 
produél,  which  is  hill  better  obtained  by 
means  of  the  oxigenated  muriatic  acid;  but 
it  has  always  been  prepared  by  the  decom- 
pofition  of  the  fuper-oxigenated  muriate  of 
mercury. 

110.  One  of  the  moft  lingular  properties 
which  the  fuper-oxigenated  muriate  of  mercury 
has  prefented  to  chemiffs,  with  refpeft  to  the 
aétion  which  the  metals  exercife  upon  it,  is 
its  union  with  running  mercury,  with  which 
it  forms  the  combination  known  by  the  name 
of  fiveet  mercury , or  mild  fub lima te  of  mercury. 
The  preparation  of  this  kind  of  fait  was  con- 
fidered  as  an  important  fecret  at  the  beginning 
of  the  17th  century.  Crollius  made  a great 
boaft  of  keeping  this  fecret  concealed.  In 
1508,  Béguin  deferibed  it  with  great  accuracy, 
in  his  Tyrocinium  Chemicum , by  the  name  of 
dr  ico  mitigatus , on  account  of  the  mildnefs 
which  was  by  that  means  communicated  to  the 
corroli  ve  fublimate.  It  became  much  more  gene- 
rally 


MERCURY® 


489 


rally  known  under  the  name  of  the  Panchy- 
magogut  of  Quercetan , or  of  Duché fne.  Neu- 
man was  the  firft  who  gave  it  the  appellation 
of  Mercurius  dulcis.  It  has  been  known  at 
different  periods  under  the  denominations  of 
Sweet  fublimate,  Aquila  mitigata,  aquila  alba$ 
manna  metallorum , panacea , calomelas,  accord- 
ing to  the  different  methods  of  preparing  it» 
Citizen  Baumé,  Bergman,  and  Scheele,  are  the 
authors  who  have  treated  the  beft  concerning 
this  fait.  The  pneumatic  doétrine  has  given  an 
accurate  idea  of  its  nature,  by  defining  it  as  a 
fimple  muriate  of  mercury,  and  thus  oppofing 
it  to  the  former,  denominated  the  fuper-oxi- 
genated  muriate  of  mercury. 

111.  When  we  triturate  this  laft  fait  with 
running  mercury,  we  foon  perceive  that  this 
metal  quickly  difappears,  that  it  is  extinguifhed 
in  the  fait,  and  that  it  affumes  a blackifh  grey 
colour.  This  operation  was  formerly  performed 
in  a mortar  of  glafs,  mercury  being  added  till 
it  ceafed  to  be  extinguifhed  ; and  it  was  re- 
marked, that  in  this  manner  it  abforbed  it  to  the 
amount  of  three  fourths  of  its  weight.  The 
mixture  was  then  put  into  retorts,  matraffes,  or 
fimple  phials,  two  thirds  of  which  were  left 
empty  ; thefe  were  placed  in  a land-bath,  and 
ftrongly  heated,  till  the  whole  mafs  was  fublimed  : 
the  veffels  being  then  buffered  perfectly  to  coof 
the  acrid  powder  of  corrofive  fublimate  which 
was  firft  fublimed,  and  a blackifh  powder  which 
foiled  the  colour  of  the  product,  were  feparated. 

Some 
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Some  authors  directecHhe  fublimation  to  be  per- 
formed  three  fucceffive  times  ; and  it  was  alter 
thefe  three  fublimations  that  it  was  termed 
aquila  alba.  Others  directed  it  to  be  triturated 
again  with  a frelli  quantity  of  mercury  after 
each  fublimation.  Six  of  thefe  fucceffive  ope- 
rations formed  the  calomel  or  calomclas  ; an  ab- 
furd  denomination,  as  has  been  juftly  remarked 
by  Bergman,  who  fays,  that  it  has,  however, 
been  adopted  in  Sweden  for  the  iweet  mercury 
after  its  firft  fublimation.  According  to  Ma- 
louin,  one  Labrune  carried  thefe  faftidious  ope- 
rations ftill  farther  ; and  it  was  by  a feries  of  nine 
fucceffive  fublimations  that  he  directed  the  mer- 
curial panacea  to  be  prepared. 

112.  This  procefs  is  fo  tedious,  and  attended 
with  fo  many  inconveniences,  efpecially  the 
danger  of  the  acrid  duft  which  rifes  during  the 
trituration,  notwithftanding  the  precaution  ufed 
by  the  workmen  of  tying  a napkin  round 
their  faces,  that  chemifts  have  ufed  their 
utmoft  endeavours  to  improve  and  correct 
it.  Citizen  Baume  has  recommended  to 
pour  a fmall  quantity  of  water  upon  the 
fubftances  that  are  triturated,  to  ufe  a mortar 
of  porphyry,  and  to  walh  the  fublimed  pro- 
duct once  in  hot-water,  in  order  to  diffolve 
the  portion  of  fuper-oxigenated  or  corrolivc 
muriate  which  is  contained  in  it.  Otheis 
have  propofed  to  employ  the  grey  oxide  preci- 
pitated from  the  nitrate  of  mercury  by  ammo- 
nia, initead  of  mercury,  in  order  to  diminifli 
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the  duration  and  difficulties  of  the  extinction. 
Citizen  Bailleau  has  directed  us  to  form  a pafte 
with  the  fuper-oxigenated  muriate  and  water,  and 
to  triturate  it  with  running  mercury,  which  is  ex- 
tinguifhed  in  it  very  eafily,  and  in  the  fpace  of 
half  an  hour,  without  throwing  up  the  corrofive 
duft,  afterwards  to  digeft  the  fubftance  with  a 
gentle  heat,  which  whitens  it  and  promotes  the 
combination,  and  laftly,  to  fublime  the  mixture 
once  : this,  according  to  him,  is  fufficient  for 
obtaining  the  produCt  in  a very  pure  ftate. 

113.  The  theory  of  this  operation  is  ex- 
tremely plain  and  fimple.  The  luper-oxige- 
nated  muriate  of  mercury  very  eafily  yields  a 
portion  of  its  oxigen  to  the  mercury  : hence 
the  quick  extinction  of  this  metal,  and  the 
grey  colour  which  the  mixture  allumes,  as  is 
the  cafe  when  mercury  is  triturated  with  its  red 
oxide  : the  aCtion  between  the  two  bodies  ceafes 
after  the  extinction,  which  is  limited  in  its  du- 
ration as  well  as  in  its  proportions  ; for  as  foon 
as  the  diftribution  of  the  oxigen  between  the 
oxide  of  the  corrofive  muriate  of  mercury  and 
the  i of  its  weight  of  mercury  has  been  com- 
pleted, a permanent  equilibrium  it  eftabliflied. 
The  mixture  has  already  loft  its  acrimony  and 
folubility  ; but  there  is  not  yet  any  very  inti- 
mate combination  between  the  two  portions  of 
oxide  and  that  of  the  acid  ; the  heat  completes 
the  reciprocal  union,  which  is  perfeCt  after  one 
fublimation;  all  the  fublimations  which  are 
performed  after  this,  and  ftill  more  fo  the  new  tri- 
turations 
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turations  with  mercury,  are  ufelefs  : and  the  waffl- 
ing with  hot  water  is  perfe&ly  fufficient  to  carry 
away  the  fmall  proportion  of  corrofive  muriate 
that  may  ftill  remain  in  it  ; the  addition  of  a fmall 
quantity  of  muriate  of  ammonia  to  this  lixivium, 
ftill  more  certainly  infures  the  feparation  of  the 
corrofive  fait,  by  the  tendency  which  it  has  to 
unite  with  it  into  a triple  fait,  whilft  it  does  not 
exert  the  fame  adfcion  upon  the  fweet  muriate  of 
mercury. 

114.  It  is  eafy  to  conceive  why  the  fuper- 
oxigenated  muriate  of  mercury,  united  by  this 
procefs  with  f of  mercury,  lofes  its  corrofive 
property,  fince  we  have  fo  many  proofs  that  the 
oxigen,  being  proportionally  diminifhed  by  its 
diftribution  in  a larger  quantity  of  mercury  to 
which  it  more  ftrongly  adheres,  muft  greatly 
diminiih  the  tafte  and  acrimony  of  this  com- 
pound. It  is  no  lefs  eafy  to  perceive,  that 
as  the  difference  between  thefe  two  faits  de- 
pends in  a great  meafure  upon  the  quantity  of 
oxigen  being  lefs  abundant  and  more  ftrongly 
adhering,  as  alfo  upon  the  proportion  of  the 
muriatic  acid  being  fmaller  in  the  fécond  than 
in  the  firft  ; whenever  wefliall  combine  muriatic 
acid  with  mercury  but  little  oxidated,  and  it 
forms  in  its  combination  an  infoluble  fait,  we 
lliall  obtain  fweet  muriate  of  mercury.  Lemery 
has  alfo  remarked,  that  the  ordinary  white 
precipitate,  formed  by  the  mixture  of  a folution 
of  muriate  of  loda  with  a folution  of  nitrate  of 
mercury,  required  only  to  be  fublimed  in  order 
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to  be  fweet  mercury;  and  Neuman  had  like- 
wife  perceived  a refemblance  between  thefe  two 
fubftanees.  It  was  upon  this  identity  that 
Scheele  founded  the  procefs  which  he  gave  for 
preparing  the  mild  muriate  of  mercury  in  the 
humid  way.  He  advifes  us  to  diffolve  mercury 
in  its  weight  of  nitric  acid,  with  the  aid  of 
a gentle  heat,  and  to  make  a folution  of  a quan- 
tity of  muriate  of  foda,  amounting  to  a little 
more  than  half  the  dole  of  mercury,  in  thirty- 
two  times  its  weight  of  boiling  water,  to  mix 
the  two  hot  liquors,  to  keep  the  mixture  conti- 
nually ftirring,  to  let  the  precipitate  be  depo- 
fited,  to  decant  the  clear  liquor  that  floats  above 
it,  to  edulcorate  it  with  hot  water  till  this  palfes 
off  infipid,  to  throw  the  whole  upon  a filtre,  and 
to  dry  it  with  a gentle  heat.  This  muriate  of 
mercury  is  as  mild  and  as  pure  as  that  which  is 
prepared  by  trituration,  extinction,  and  fubli- 
mation;  the  procefs  is  fimple,  eafy,  and  fure  ; 
it  has  none  of  the  inconveniences  of  the  other, 
and  it  is  greatly  preferable  to  it. 

115.  The  properties  of  the  mild  muriate  of 
mercury  are  eflentially  different  from  thofe  of  the 
corroffve  muriate.  It  has  but  very  little  tafte, 
and  in  the  folid  form  it  acts  only  as  a gentle 
purgative,  whilft  the  other  is  a poifon  of  the  moft 
violent  energy.  Its  fpecific  gravity  is  12,353, 
according  to  Mufchenbroeck,  who  has  obferved 
that  its  fpecific  gravity  was  diminifhed  in  pro- 
portion as  it  was  fublimed  ; it  turns  black  by 
long  expofure  to  the  light  ; it  is  luminous  and 
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phofpliorefcent  when  rubbed  in  the  dark.  It  is 
more  difficult  to  be  volatilized  and  fublimed 
than  the  fuper-o  xigenated  muriate  of  mercury  ; 
accordingly,  this  rifes  before  the  former,  when 
mixed  with  it,  and  is  found  at  the  top  in  the  fub- 
liming  apparatus.  When  flowly  and  cautioufly 
fublimed,  it  yields  cryftals  in  tetrahedral  prifms, 
terminated  by  pyramids  with  four  fides  : fome- 
times  there  are  two  quadrangular  pyramids,  unit- 
ed bafe  to  bafe,  fo  as  to  form  a very  long  and 
pointed  o&ahedron.  It  is  fo  little  foluble,  that, 
according  to  the  experiments  of  Rouelle,  made 
in  1754,  it  requires  1152  parts  of  boiling  wa- 
ter for  its  folution.  This  folution  turns  the 
fymp  of  violets  green,  is  rendered  {lightly  turbid 
by  the  fixed  alkalis,  and  allumes  an  opal  colour, 
without  forming  any  fenfible  precipitate  when 
ammonia  is  added.  It  receives  a brown  tinge 
by  the  contact  of  lime-water,  ammonia,  and 
the  fixed  alkalis.  It  does  not  combine  with 
the  muriate  of  ammonia,  which  ferves  to  fepa- 
rate  from  it  the  fuper-oxigenated  muriate  with 
which  this  laft  fait  fo  eafily  combines.  It  can 
neither  abforb  more  mercury  than  it  contains, 
nor  exift  in  a mean  ftate  of  oxidation  between 
its  own  and  that  of  the  fuper-oxigenated  mer- 
curial muriate  ; a ftate  which  fome  authors  have 
admitted  gratuitoufiy,  and  without  proofs  ; 
neither  can  it  unite  with  the  latter,  which  is 
eafily  feparated  from  it  by  volatilization;  the 
nitric  acid  does  not  convert  it  into  corrofive 
muriate  ; this  change  it  undergoes  only  when 
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treated  with  an  equal  weight  of  muriate  of  foda 
and  twice  its  weight  of  fulphate  of  iron  ; the 
addition  of  oxigenated  muriatic  acid  diffolves 
it  inftantaneoufly,  and  converts  it  into  fuper- 
oxigenated  muriate.  The  proportions  of  the 
principles  of  the  mild  muriate  of  mercury  are 
not,  as  yet,  well  known.  Lemery  afferted,  that 
its  acid  was  to  mercury  as  1 to  6 -§-• 

116.  In  companion  with  what  has  juft  been 
explained,  concerning  the  adion  of  the  three 
firft  acids  upon  mercury,  very  little  is  known  of 
that  which  the  other  acids  exert  upon  it.  The 
phofphoric  acid  cannot  act  upon  mercury,  but 
it  combines  with  its  oxide.  The  only  good 
way  of  effeding  this  combination  is  by  precipi- 
tating nitrate  of  mercury  with  a folution  of  ah 
kaline  phofphate  ; a white  precipitate  of  infalli- 
ble mercurial  phofphate  is  immediately  formed  : 
the  greater  part  of  the  animal  liquids  yield 
this  fpecies  of  fait  mixed  with  mild  muriate  of 
mercury,  when  nitrate  of  mercury  is  added  to 
them.  The  phofphate  of  mercury  is  phofpho- 
refcent  and  luminous  when  rubbed  in  the  dark  ; 
when  expofed  to  the  fire,  and  efpecially  with  a 
little  charcoal,  it  yields  phofphorus.  It  has  been 
pretended,  that  corrofive  fublimate  is  decom- 
pofed  in  the  human  body  by  the  phofphates 
which  it  contains  ; but  no  chemical  proof  has 
been  given  of  this  attention. 

O 

117.  The  fluoric  acid  exerts  no  adion  upon 
mercury,  but  it  combines  with  its  oxide,  and 
the  Ibluble  fluates  mixed  with  the  nitrate  of 

mercury, 


AI  EIIC  U R Y. 


496 

mercury,  form  in  it  a white  precipitate  of  mer- 
curial fluate,  the  properties  of  which  have  not 
yet  been  examined. 

1 Î 8.  The  boracic  acid  alfo  exerts  no  action 
upon  mercury  in  a direct  manner;  but  by  mix- 
ino*  the  folutions  of  foluble  borates  with  the 

o 

nitric  folution  of  mercury,  we  obtain  a yellowiih 
precipitate  of  mercurial  borate,  which  was  firft 
deferibed  by  Citizen  Monnet.  By  flowly  eva- 
porating the  fuper-natant  liquor,  a nesv  portion 
of  this  fait  is  feparated  in  the  form  of  Aiming 
pellicles.  In  order  to  obtain  the  borate  of  mer- 
cury pure,  we  muft  not  employ  the  borax  of 
commerce;  for  the  foda,  which  this  contains, 
in  excefs,  gives  a portion  of  brick- coloured 
oxide  of  mercury  which  is  much  more  acrid 
than  the  borate  of  mercury;  we  mult,  there- 
fore, take  borate  faturated  with  boracic  acid. 
The  mercurial  borate  acquires  a greenifh  colour 
by  expofure  to  the  air  ; the  muriate  of  ammo- 
nia renders  it  foluble  and  cryftallizable  ; lime- 
water  precipitates  it  in  a red  powder.  It  has 
been  propofed  and  adopted  for  medicinal  ufe. 

119.  The  carbonic  acid  exerts  no  aélion 
upon  mercury,  but  we  may  combine  it  with  its 
oxide,  by  precipitating  its  folutions  in  the  other 
acids  by  means  of  the  alkaline  carbonates.  Thefe 
carbonates  are  white  or  but  little  coloured; 
they  do  not  acquire  a deeper  tinge  by  expofure 
to  the  air,  like  thofe  which  have  been  made  by 
the  pure  or  cauftic  alkalis.  However,  they 
affume  a brown  tinge  in  drying,  and  it  is  on 
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account  of  tills  tinge,  which  the  oxide  of  trier- 
cury,  formed  by  the  aft  ion  of  fire  alone,  feme- 
times  ah hmes  as  it  cools  in  the  air,  that  this 
oxide  is  fuppofed  to  he  charged  at  that  time, 
or  in  the  cafe  of  its  acquiring  the  brown  colour, 
with  carbonic  acid.  This  compound  is  not 
foluble  in  water  ; the  preceding  acids  expel  the 
carbonic  acid  from  it  in  the  form  of  gas  with 
effervefcence. 

120.  The  combinations  of  the  four  known 
metallic  acids  with  the  oxide  of  mercury  have 
not  yet  been  accurately  examined;  it  is.  only 
known  that  thefe  acids  in  general  exert  but  verv 
little  aétion  upon  mercury,  fmee  this  metal 
cannot  abforb  oxigen  from  them.  Scheele  has 
indicated  fome  of  the  properties  of  the  arfeniate, 
tungftate,  ind  molybdate  of  mercury,  which  are 
prepared  by  pouring  into  the  nitric  loiution  of 
this  metal  alkaline  or  foluble  faits  formed  by 
thefe  acids. 

A.  The  arfenic  acid,  treated  in  a retort  with 
mercury,  is  partly  decompofed  by  this  metal  ; 
arfenious  acid,  running  mercury  and  a final! 
quantity  of  yellow  oxide  of  mercury  are  tub- 
limed  ; there  remains  in  the  retort  a yellow  mars, 
not  fufed,  infoluble  in  water  and  in  the  fuh 
phuric  and  nitric  acids,  foluble  in  the  muriatic 
acid,  and  yielding  afterwards,  by  the  evapora- 
tion and  fublimation  of  this  fo  hit  ion,  ftiper- 
oxigenated  muriate  of  mercury  and  fufed  arfe- 

O d 

nic  acid  ; the  mercury  decompofed  a part  of 
this  acid  by  depriving  it  of  a portion  of  its 
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oxîiren,  and  leaving  it  that  which  forms  the 
arfenious  acid  ; the  oxide  of  mercury  that  was 
formed  united  with  the  other  portion  of  this 
acid  into  an  arfeniate  of  mercury,  which  the 
muriatic  acid  then  decompofed,  and  in  the 
mercury  of  which  it  found  afufficient  quantity 
of  oxigen  to  change  it  to  the  ftate  of  corrofive 
muriate. 

B.  The  arfenic  acid  precipitates  the  fulphate 
and  the  nitrate  of  mercury  of  a white  colour; 
it  decompofes  the  mild  mercurial  muriate,  and 
converts  it  into  corrofive  muriate  ; it  produces 
no  effect  upon  the  latter,  nor  upon  the  oxide 
of  mercury. 

C.  The  tungftic  and  molybdic  acids  preci- 
pitate the  nitric  folution  of  mercury  of  a white 
colour  ; it  appears  that  the  tungftate  and  mo- 
lybdate of  mercury  are  white  and  infoluble. 

D.  The  chromic  acid,  combined  with  the  oxide 
of  mercury  by  the  addition  of  the  folution 
of  an  alkaline  chromate  with  that  of  the  nitrate 
of  mercury,  forms  an  infoluble  precipitate  of 
a very  lively  and  brilliant  purple  colour,  which 
Citizen  Vauquelin,  who  difcovered  it,  thinks 
might  become  of  great  utility  in  painting. 

I.  Action  upon  the  Alkaline  Bafes  and  the  Salts . 

121.  M e r cury  is  not  fufceptible  of  alteration 
by  the  alkaline  earths  and  the  alkalis.  In  the 
experiments  of  Weftendorf  and  Wallerius  upon 
this  metal,  pretended  to  be  combined  with  the 
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fixed  alkalis  by  fufion  in  crucibles,  it  appears 
that  they  miftook  the  union  of  an  oxide  of 
iron  with  thofe  bales  for  that  of  the  mer- 
cury? which,  in  reality,  does  not  fuffer  any 
alteration. 

122.  The  cafe  is  not  the  fame  with  the  oxides 
of  mercury  ; befides  the  fact,  that  feveral  of 
them  are  lufceptible  of  combining  with  the 
alkalis  in  general,  and  of  forming  with  them  com- 
pounds in  which  thele  oxides  feem  to  a 61  the 
part  of  acids,  ammoniaexerts  upon  thofe  burned 
fubftances  a very  remarkable  aétion,  which  has 
already  been  indicated  in  the  account  of  the 
precipitations  of  the  mercurial  faits,  but  which 
ought  again  to  be  confidered  in  this  place. 
We  have  already  feen,  that  ammonia  poured 
upon  the  white,  yellow,  and  red  oxides  of  mer- 
cury, turns  them  black,  produces  an  extrica- 
tion of  azotic  gas  with  noife  and  effervefcence, 
and  that  tnis  is  owing  to  the  reciprocal  decom- 
pofition  of  thefe  two  fubftances,  which  form 
water  by  the  union  of  the  hidrogen  of  the  am- 
monia with  the  oxigen  of  the  oxide,  whilft  the 
azote,  having  become  free,  is  difengaged  in  the 
form  of  gas  : but  there  is  another  chemical 
effeét  which  a circumftance  led  me  to  difcover 
in  this  aélion.  I had  remarked,  that  the  effer- 
vefcence  and  the  extrication  of  azotic  gas  were 
but  little  fenfible,  and  did  not  appear  to  accord 
with  the  proportion  of  reduced  oxides.  I there- 
fore examined  the  product  of  this  operation 
with  greater  attention  ; and  by  evaporating  the 
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lixivium  of  a mixture  of  red  oxide  of  mer- 
cury and  of  ammonia  in  excefs,  which  had  in 
part  effeéted  its  reduction,  I obtained  a real 
triple  fait,  an  ammoniaco-mercurial  nitrate: 
nitric  acid  is  confequently  formed  by  the  effect 
of  this  decompofition.  The  oxigen  of  the 
oxide  of  mercury  divides  itfelf  between  the  two 
principles  of  the  ammonia  : one  portion  forms 
water  with  its  hidrogen,  another  confiât utes 
with  its  azote,  nitric  acid,  which,  uniting  with 
a part  of  the  oxide,  and  of  the  ammonia  that 
have  not  been  decomposed,  gives  rife  to  the 
ammoniaco-mercurial  nitrate  which  is  obtained. 
This  phenomenon  accords  with  that  which  takes 
place  when  we  caufe  ammoniacal  gas  to  pals 
into  a red  hot  tube  containing  oxide  of  man- 
ganefe:  it  recurs  alfo  in  the  decompofitions  of 
the  fulphates  of  mercury  by  ammonia,  in  which 
we  always  meet  with  a final!  quantity  of  am- 
moniaco-rnereurial  nitrate,  when  we  examine 
the  products  of  the  experiment  with  attention. 
The  property  which  ammonia  pofleffes  of  fpeedily 
reducing  the  oxides  of  mercury,  luggefted  to  me 
the  idea  of  employing  it  for  cleaning  and  purify- 
ing, in.  fome  degree,  the  furfaces  of  the  hidrar- 
gyro-pneumatic  velfels.  When  the  mercury 
has  been  foiled  and  oxidated  by  the  feline  gafesy 
and  elpecially  by  the  oxigenated  muriatic  acid 
gas,  I reftove  it  to  all  its  natural  luftre  and 
purity  by  pouring  and  moving  ammonia  upon 
its  furface,  by  the  aid  of  filtering  paper,  upon 
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which  it  immediately  allumes  its  ufual  brilliancy 
and  colour. 

123.  Mercury  and  its  oxides  exert  no  aélion 
upon  the  earthy  and  alkaline  fulphates,  nitrates, 
phofphates,  nor  upon  any  other  kind  of  faits, 
it  we  except  the  muriates.  It  has  already  been 
obferved,  that  Citizen  Monnet  had  indicated 
the  decomposition  of  the  muriate  of  foda  by  the 
oxide  of  mercury,  and  the  formation  of  corrofive 
muriate  of  mercury.  Lagaraye,  in  a kind  of 
empirical  medicinal  preparation,  has  even  fuc- 
ceeded  in  decompofmg  the  muriate  of  ammonia 
by  means  of  running  mercury,  as  Macquer 
allured  himfelf  by  a fcrupulous  examination  of 
the  procefs  for  his  mercurial  tincture.  Lagaraye 
triturated  one  part  of  running  mercury  with 
four  parts  of  muriate  of  ammonia  in  a marble 
mortar,  moiftening  the  mixture  with  a little 
water  till  the  extinction  was  complete  ; he 
afterwards  expofed  the  mixture  for  feveral 
weeks  to  the  air,  agitating  it  from  time  to  time  ; 
he  triturated  it  a-new,  and  heated  it  then  in  a 
matrafs  with  fome  good  alcohol,  which  he  even 
caufed  to  boil  (lightly  ; the  alcohol  affumed  a 
yellow  colour,  and  it  whitened  a plate  of  cop- 
per. Macquer  was  convinced  that  this  liquor 
contained  fuper-oxigenated  muriate  of  mer- 
cury in  folution,  that  by  the  operation  of  time, 
the  muriate  of  ammonia  had  been  decompoled 
by  the  mercury  which  had  become  oxidated, 
and  that  a fpecies  of  ammoniaco-mercurial  mu- 
riate or  Sal  Alembroih  had  been  formed. 
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124.  There  are  few  metallic  fubftances  that 
exceed  mercury  in  utility.  In  phyfics  it  is 
employed,  in  its  metallic  form,  in  the  con- 
ftrudion  of  meteorological  inftruments,  and  a 
great  number  of  machines;  in  the  arts,  it  is 
employed,  in  the  fame  form,  for  gilding,  filver- 
ingof  glafs  mirrors,  andin  metallurgical  opera- 
tions : its  folutions  are  ufed  in  dyeing. 

125.  In  chemiftry,  it  is  applied  to  a great 
variety  of  ufes,  all  equally  important.  Befides 
the  experiments  in  which  it  is  employed  for 
demonitrating  the  principal  truths  of  this  fcience, 
it  has  become  of  indifpenfable  neceffity  for  fur- 
nishing the  velfels  deltined  to  colled,  preferve, 
and  combine  the  elaltic  fluids  of  a laline 
nature.  Thefe  apparatufes  are  termed  hidro- 
pneumatic  velfels.  It  is  no  lefs  ufeful  for  lut- 
ing or  clofing  moveable  tubulatures,  for  pro- 
ducing compreffiôn.  Lavoifier  had  already  at- 
tempted to  ufe  it  for  fupplying  the  place  of  the 
lutes,  by  means  of  which,  the  velfels  are  clofed, 
and  which  fo  frequently  occalion  inconvenience, 
error,  and  inaccuracy  in  experiments.  It  is  of 
great  utility  to  anatomifts  in  their  molt  delicate 
and  difficult  injedions,  fuch  as  tliofe  of  the 
lymphatic  and  abforbent  fy Items  in  all  animals^ 
and1  of  the  t radical  fy  Item  of  inleds  and  worms. 

126.  It  is  of  equal  importance  for  medicinal 
purpofes.  Since  its  falutary  effeds  in  cutaneous 
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difeafes,  and  its  fpecific  operation  in  fyphilitic 
aflfeéiions  have  been  known,  it  has  been  ex- 
hibited in  a great  variety  of  forms  and  prepara- 
tions. As  thefe  properties  were  attributed  to  the 
metal  itfelf,  endeavours  were  made  to  foften  or 
modify  it;  but  fcarcely  any  thing*  more  was 
done,  than,  on  the  contrary,  to  give  it,  unknow- 
ingly,  a greater  degree  of  activity,  by  combining 
with  oxigen,  which  is  the  true  caufe  of  its  ef- 
fects. In  general,  mercury  ought  to  be  con- 
fidered,  in  its  medicinal  preparation,  as  nothing 
more  than  an  oxiphorous  fubftance,  as  a fub- 
flance  which  carries  oxigen  into  the  animal 
economy,  which  readily  imparts  it  to  the  fluids 
and  folids,  and  the  varieties  of  thefe  prepara- 
tions under  the  relation  of  the  quantity  of  this 
principle  which  they  contain.  The  leaft  oxida- 
ted compounds  have  but  little  activity:  fuch 
are  the  black  oxides  of  mercury  which  are  pre- 
pared in  the  numerous  proceffes  of  extinction, 
by  the  addition  of  mucilages,  fyrups,  honey,  jel- 
lies, or  animal  humours,  fuch  as  faliva,  the  fats. 

In  a fécond  clafs  are  to  be  ranked  the  mercu- 
rial faits,  of  little  folubility,  the  oxide  of  which, 
being  either  but  little  oxidated,  or  in  fome  re- 
fpect  confined  by  acids,  does  not  nearly  exert 
all  its  energy  upon  the  animal  fibre  or  humours  : 
fuch  are  the  mild  mercury,  the  carbonate,  the 
borate,  and  the  phofphate  of  mercury. 

In  a third  clafs  we  are  to  rank  the  oxides 
of  mercury  united  with  fulphur,  either  black, 
or  red,  which  act  but  (lightly,  or  only  when 

in 
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m the  form  of  va  pou  i upon  the  animal  eco- 
nomy. 

Laffly,  a fourth  clafs  of  thefe  mercurial 
remedies  is  formed  of  oxides  the  moil  highly 
charged  with  ox i gee,  either  alone  or  com- 
bined with  the  acids  ; fuch  as  the  differ- 
ent precipitates,  yellow,  white,  red,  and  the 
fuper-oxigenated  fulpliate,  nitrate  and  muriate 
of  mercury.  Thefe  are  violent  cauftics  ; they 
burn  and  deftroy  the  organs  ; they  are  em- 
ployed externally  as  detergents,  and  internally 
as  powerful  remedies  which  muff  he  ad  mini- 
ffercd  with  great  prudence,  and  which  only 
the  flkiiful  practitioner  ffiould  be  permitted  to 
employ,  with  that  circumfpebtion  which  ought 
to  diftinguifh  the  true  phyfician* 

127.  What  proves  that  the  action  of  the 
mercurial  preparations  is  owing  to  the  oxigen 
which  they  contain,  .to  the  feparation  of  this 
principle,  and  its  being  transferred  to  the 
organs,  and  the  humours  of  animals,  is  that  the 
oxides  of  which  they  con  lift,  become  black, 
and  are  reduced  in  the  internal  part  of  the 
body,  and  that  running  mercury  is  frequently 
found  in  the  internal  cavities  of  the  body, 
in  the  lymphatic  fyftem,  and  in  the  bones, 
thcmlelves,  after  a mercurial  courte  of  a longer 
or  iff  or  ter  duration. 

123.  What  I have  here  been  able  only  to 
announce  and  prefent  to  the  reader  in  gene- 
ral terms,  has  been  very  fully  treated  in  the 
treatife  of  my  friend  Dr.  Schwediauer,  a work 
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the  in  oft  complete,  the  moft  original,  and  the 
moft  philofophical  that  has  yet  been  publiflied 
concerning  the  fyphilitic  affeéïions.  Several 
chapters  of  this  excellent  work  exhibit  all  the 
new  facts  which  I have  prefented  for  lèverai  years 
paft,  relative  to  the  properties  of  this  medicine 
as  an  oxipherous  remedy  ; data  which  tins  able 
phyfician  has  confirmed  by  his  own  obferva- 
tions.  It  concludes  with  a methodical  table 
of  thefe  preparations,  intitled  pharmacopoeia 
fyphillitica  : where  the  reader  will  fee  how  well 
the  author  has  availed  himfelf  of  the  prefent 
ftate  of  chemical  knowledge  in  the  clarification 
of  thefe  remedies. 


Article  XV. 

Of  Zinc . 

A.  loiter  ary  Hijiory. 

1.  ACCORDING  to  Bergman,  zinc  was 
not  known  to  the  ancients.  Paracelfus  is  the 
firlt  chemift  who  has  treated  of  it,  and  who 
gave  it  the  name  which  it  bears.  Agricola 
has  fince  termed  it  contre  fey  ne , and  Boyle, 
fpeltrum , Albertus  Magnus,  who  died  in  the 
year  1280,  makes  very  diftinhl  mention  of  it  ; 
he  knew  that  it  was  combuftible,  and  inflam- 
mable,  and  that  it  coloured  metals.  It  ap- 
pears 


ZINC, 


506 

pears  that  zinc  has  for  a long  period  back 
been  extracted  from  its  ores  in  the  Raft  Indies, 
as  was  firlt  obferved  by  Jungius  in  the  year 
1647-  It  is  brought  from  thofe  parts  under 
the  name  of  tutenague.  Without  being  par- 
ticularly acquainted  with  it,  and  diftinguifti- 
ing  it  accurately  from  other  metals,  the  Greeks 
leem  alfo  to  have  employed  it,  as  it  is  laid  to 
have  confti tuted  a part  of  the  famous  Corin- 
thian brafs. 

2.  It  is  not  known  by  what  procefs  the 
Chinefe -obtain  this  metal,  which  they  employ 
in  a great  number  of  alloys  : it  is  believed, 
that  they  extract  it  by  diftillation.  Henckel 
afferted,  in  1721,  in  his  Fyritologia,  that  zinc 
might  be  extracted  from  calamine.  In  1742, 
Schwab  extracted  it  by  diftillation.  Margraff 
occupied  himfelf  with  this  extraction  in  1746. 

3.  Lemery  conftdered  zinc  as  a fpecies  of 
bifmuth.  Glauber,  with  the  alchemifts,  con- 
ftdered  it  as  an  immature  folar  fulphur;  Ilom- 
berg  took  it  for  a mixture  of  iron  and  tin: 
Kunckel,  for  coagulated  mercury;  Schlutter,  for 
tin  rendered  brittle  by  fulphur.  In  fhort,  it 
is  not  more  than  fifty  years  fince  it  has  been 
known  to  be  a metal,  fui  generis , pure,  well 
characterized,  and  different  from  all  other 
metals. 

4.  The  chemifts  whom  I have  juft  quoted, 
as  well  as  all  thofe  whole  works  have  em- 
braced the  whole  or  entire  fyftem  of  natural 
bodies,  have  fucceftively  examined  zinc  and 
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d Hoovered  its  properties.  Hellot,  Pott,  Ma- 
louin,  Laftbnne,  Monnet,  Baume,  Bergman,  are 
thofe  who  have  lucceftively  inftituted  particu- 
lar inveftigations  refpetfting  this  in terefting  me- 
tal. Gellert  has  treated  of  its  allovs  : Ma- 

KJ  f 

louin  has  compared  it  with  tin  ; Bergman  has 
given  an  extenlive  and  very  detailed  docimafia 
of  its  ores.  Citizen  Sage,  firft  afcertained  its 
duélility  ; Dehne,  and  Citizen  Guyton,  have 
particularly  directed  their  attention  to  its  com- 
bination with  fulphur.  Gaubius  has  afcer- 
tained feveral  of  the  properties  of  its  oxide; 
Macquer  has  dwelt  upon  its  economical  ufes; 
Pelletier  has  accurately  defcribed  its  union  with 
phofphorus. 

5.  Since  the  revolution  and  renovation  of 
chemiftry,  effected  by  the  do&rine  of  the 
French,  no  new  refearches  nor  confecutive 
feries  of  inveftigations  have  been  made  refpeâ- 
ing  zinc  ; neverthelefs  the  ex  aft  data  and  bales 
of  this  do&rine  have  rendered  our  knowledge 
of  the  chemical  properties  of  this  metal  much 

i 

more  clear  and  precife  ; fo  that  its  hiftory  is 
much  more  eafy  and  more  methodical  than 
it  was  previous  to  this  period,  and  all  the  fa<fts 
which  appertain  to  it,  are  linked  together.by 
much  more  intimate  relations,  than  they  had 
been  during  the  reign  of  the  theory  of  phlo~ 
gifton. 

~ ^ w * 

6.  It  will  however  appear,  from  the  details 
which  will  form  the  fubjcét  of  this  article, 
that  all  which  relates  to  zinc  is  not  yet  en- 
tirely and  completely  difcovered,  that  many 
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difcoveries  itilî  remain  to  be  expected,  and  that 
it  may  {till  afford  a Subject  to  able  chemifts  foi 
valuable  refearches,  efpecially  with  the  new  in- 
ftruments  which  we  now  poflefs. 

B.  Fhyfical  Properties . 

7,  Pure  zinc  is  of  a brilliant  white  colour, 
with  a blueifh  tinge,  which  is  very  perceptible 
in  its  metallic  ftate,  presenting  a very  distinctly 
lamellated  texture,  the  laminæ  of  which,  are, 
however,  not  io  broad  as  thole  of  bifmuth 
and  antimony.  When  we  place  it  befide  thefe 
tw'o  metals,  we  perceive  the  marked  difference 
of  its  colour.  Its  denfity  is  fuch,  that  it 
lofes  in  water  about  afeventh  part  of  its  weight, 
and  weighs  7,190-  If  is  Sufficiently  hard  and 
elaftic  not  to  break  So  ealily  as  any  of  the  me- 
tals which  have  hitherto  been  treated  of  ; ac- 
cordingly, I have  placed  it  in  the  third  divifion 
of  the  metals  poffeffing  considerable  dudfility. 

8.  In  fa&,  zinc  is  not  brittle, like  the  preceding 

metallic  fubftanees.  It  requires  a violent  and 

fudden  Stroke  to  break  the  flat  plates,  or  blocks 

of  it,  Such  as  we  meet  with  in  commerce;  and 

when  it  is  in  thick  ingots,  we  are  obliged,  in 

order  to  vend  it  in  fragments,  to  cut  it  with 

iron  wedges,  Struck  into  it  by  means  of  heavy 

hammers.  When  it  is  hammered  upon  a Steel- 

anvil,  it  becomes  flattened  inflead  of  breaking: 

it  is  reduced  into  thick  plates,  which  do  not  crack 

till  after  they  have  been  very  considerably  flat- 
tened 
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tened.  It  may  be  extended,  without  breaking*, 
into  pretty  thin  plates,  by  palling  it  through  the 
flatting  mill  with  an  even  and  gradual  preffure: 
thefe  plates  are  flexible  and  elafic,  but  very  far 
from  exhibiting  the  foftnels  and  pliability  of 
thofe  of  the  foft  metals. 

9 • Its  tenacity,  however,  is  but  weak.  Files 
aét  upon  it  with  difficulty  ; it  adheres  to  the 
interfaces  between  their  teeth,  fo  as  to  clog 
them,  to  ufe  theexpreffion  of  the  artificers.  Ac- 
cordingly, when  we  with  to  procure  it  in  mi- 
nute fragments,  defined  for  a great  number  of 
experiments,  we  are  obliged  to  divide  it  hy 
pounding,  or  by  pouring  it  fufed  into  water. 
Manquer  obferves,  that  it  becomes  brittle,  and 
that  we  may  pulverize  it  in  a mortar,  if  we  heat 
it  to  a degree  lhort  of  that  which  fufes  it 
The  bef  procefs  which  we  can  employ  for  put» 
verizing  zinc,  confifs  in  fufing  it,  and  pounding 
it  in  a heated  ftone  mortar,  fo  as  to  divide  its 
molecules,  to  prevent  their  re- uniting  and  brib- 
ing together  whilf  they  are  cooling,  and  to 
keep  them  feparate  at  the  moment  when  they 
become  fixed.  When  it  has  cooled,  it  is  palled 
through  a hair-fieve,  which  by  retaining-  the 
groffer  particles,  affords  a powder  of  zinc,  which 
it  finer  than  mof  of  the  filing's  of  metals. 

10.  The  conducing  power  of  zinc,  with  re- 
fpe<5t  to  caloric,  has  not  been  determined;  all 
that  is  known  is,  that  it  is  heated  very  quickly, 
and  that  it  dilates  readily,  and  to  a great 
degree.  It  fufes  as  foon  as  it  becomes  red-hot. 
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in  which  refpeçt  it  is  ranked  amongft  the  me- 
tals of  a middling  fufibility.  Citizen  Guyton 
eftimates  this  property  at  29b  degrees  of  Reau- 
mur’s fcale.  If  we  continue  to  heat  it,  after  its 
fufion,  in  clofe  veffels,  it  rifes  into  vapour,  and 
fublimes,  attaching  itfelf  in  a brilliant,  metallic, 
and  lamellated  form  to  the  upper  part  of  the 
veffels.  If  we  let  it  cool  quietly  after  it  has 
been  fufed,  it  ciyftallizes  into  needles,  which  are 
generally  very  fine,  the  form  of  which  has  not 
been  determined.  The  unfortunate  minera- 
logifl,  Mongez,  the  elder,  who  was  loft  with  La 
Feyroufe  in  his  voyage  round  the  world,  is  the 
fir  ft  who  caufed  this  metal  to  cryftallize;  he  fufed 
it  for  this  purpofe  in  a pretty  deep  earthen  vef- 
fel,  perforated  with  feveral  holes  at  the  bottom, 
which  he  ftopped  up  with  earth  of  bones.  When 
the  zinc  which  he  fufed  in  this  vefifel  was  fixed 
at  its  furface,  he  opened  tire  holes,  introduced 
a red-hot  iron,  which  he  ftirred  in  the  mafs  of 
the  metal,  and  thereby  caufed  the  portion,  which 
was  ftill  liquid,  to  run  out,  after  which  he  found 
cryftals,  fiiaped  like  needles,  in  the  cavities 
which  it  had  left. 

1 1 . Zinc  is  a conductor  of  electricity  like  all 
the  metals,  and  nothing  particular  has  hitherto 
been  difcovered  in  it  with  refpeCt  to  this  pro- 
perty ; however,  the  powerful  manner  in  which 
it  affeCts  the  fenfibility  of  the  human  body  in 
Galvanic  experiments,  feems  to  give  it  herein  a 
fort  of  prerogative  or  pre-eminence  over  other 
metallic  fubftances.  If  we  place  a plate  of 
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zincTmder  the  tongue,  and  cover  the  upper  fur- 
face  of  this  organ  with  another  metal,  and  efpe- 
cially  a piece  of  gold  or  filver,  and  then  incline 
the  extremity  of  this  laft  fo  as  to  approach  it  to 
the  plate  of  zinc  ; at  the  moment  when  the  two 
metals  come  into  contact  with  each  other,  the 
perfon  who  performs  the  experiment,  feels  a 
very  perceptible  pricking  fen  fat  ion,  heat,  irri- 
tation, and  a fort  of  acerb  tafte  in  the  tongue, 
aim  oft  always  accompanied  with  a momentous 
glare,  or  a luminous  circle,  which  fuddenly  ap- 
pears before  his  eyes.  No  metal  produces  this 
lingular  effedl  with  fucli  force  as  zinc  is  obfervcd 
to  do. 

12.  We  alfo  find  in  this  metal  ?a  flight  odour 
and  a peculiar  tafte  with  which  the  fingers  be- 
come impregnated  when  they  are  kept  for  fome 
time  applied  to  this  metal  or  rubbed  upon  it 
Though  thefe  two  properties  are  eafily  and  une- 
quivocally recognized  as  being  metallic,  and 
though,  in  this  refpect,  they  referable  thofe 
which  are  found  in  feveral  other  metals,  it  can- 
not however  be  doubted  that  they  are  not  the 
fame  in  zinc  as  in  other  metallic  fubftances. 
Zinc  alfo  adheres  ftrongly  to  The  fkin,  and 
tinges  it  black.  This  is  a metal  which  is  fur- 
rounded  with  one  of  the  moft  perceptible  me- 
tallic atmofpheres,  and  which  applies  itfelf  the 
moft  quickly,  and  by  the  flighteft  contact  to  all 
the  fubftances  upon  which  it  is  rubbed.  Thus, 
for  example,  we  need  only  draw  a plate  of  zinc 
over  a plate  of  iron,  filver,  or  lead,  in  order  to 
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give  thefe  metals  the  power  of  acting  in  gal- 
vanic experiments,  as  if  they  were  other  metals 
than  what  they  really  are,  namely  of  produc- 
ing, by  communication  with  plates  of  the  fame 
kind,  convutfions  in  the  mufcies  of  frogs  ; which 
fhows  that  their  furface  is  covered  with  a layer 
of  zinc,  which  performs  the  funétion  of  a dif- 
ferent metal. 


C.  Natural  Ilijlory » 

13.  Several  inineralogifts  have  thought 
that  zinc  is  one  of  the  moft  abundant  metals  in 
nature,  and  that  it  conftantly  accompanies  the 
ores  of  iron  ; hut  though  the  ores  of  zinc  are  in 
confiderable  plenty  in  various  countries,  yet  their 
abundance  is  very  far  from  being  comparable  to 
that  of  the  ores  of  iron  ; and  befit!  es,  it  is  at 
prelent  well  afcertained  that  the  metallic  fub- 
ftance  that  is  io  often  mixed  with  the  iron  is 
only  oxide  of  manganefe,  which  the  fame  mi- 
neralogifls  have  long  miftaken  for  zinc. 

14.  Citizen  Haiiy,  the  laft,  the  moft  learned, 
and  moft  accurate  author  on  Mineralogy,  enu- 
merates only  three  fpecies  of  ores  of  zinc,  name- 
ly, its  native  oxide,  its  fulpburet,  and  its  ful- 
phate.  Valmont-Bomare  fays,  he  has  feen  in 
the  ores  of  Goflar,  and  in  thofe  of  the  Duchy  of 
Limbourg,  which  are  very  fertile  in  this  metal, 
native  zinc  which  is  found  in  fmall  pliable  fila- 
ments, of  a greyifh  colour,  and  eafily  inflam-* 
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niable.  Ihis  obfervation  has  not  been  confirm- 
by  other  naturalifts.  Some  authors  admit  native 
carbonate  ot  zinc,  and  fome  think  there  are 
reafons  to  doubt  its  exiftence,  but  we  fhall  foon 
fee  that  tîiis  fait  does  really  exift  in  nature, 
frequently  the  ores  of  zinc  are  mixed  with  ores 
or  lead,  iron,  and  manganefe  ; but  we  have  here 
only  to  enumerate  thofe  in  which  zinc  is  the 
moft  abundant  metal. 

15.  The  oxide  of  zinc,  or  oxidated  zinc, 
forms  the  calamine  of  the  ancient  mineralogifts* 
I his  ore  of  fecondary  formation  depofited  in  lay- 
ers, either  in  a regular  form,  or  in  incruftati'ons 
and  ftaiadiites  in  the  interior  of  the  earth,  has  o*e- 
nerally  prefented  only  very  fmall  cryftals,  femi- 
tranfparent,  whiti/h,  and  of  an  unct  uous  afpeef 
eafy  to  he  recognized  ; their  moft  common  form 
is  that  of  a reâangular  lamina,  the  edges  of 
which  are  replaced  by  facets  or  fegments  of 
cuneiform  octahedrons,  or  an  elongated  qua- 
drangular pyramid  projecting  out  of  its  gangue. 
This  form  is  alfo  found  in  the  fulphate  of 
halites.  The  ci  \ itals  ot  native  oxide  of  zinc 
prefented  to  Citizen  Hairy  the  property  of  be- 
coming dearie  by  the  aétion  of  heat  without 
fri&ion,  like  the  tourmaline.  The  heat  of  a light- 
ed taper  applied  to  them  for  two  or  three  féconds 
is  fufficient  to  exhibit  this  property.  I fhall 
here  obferve,  with  the  celebrated  mineral ogift 
to  wlthm  we  owe  this  difeovery,  tliat  live  mi- 
nerals are  already  known  which  poffefs  this 
property;  three  ftor.es,  the  tourmaline,  the 
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topaz,  and  the  zeolite;  one  fait,  the  native 
maonefio-calcareous  borate,  and  the  foffil  cryl- 
tallized  oxide  of  zinc. 

The  oxide  of  zinc  is  frequently  in  irregular 
malles,  foliated,  cavernous,  granulated,  hard 
or  friable.  It  is  found  of  different  colours,  and 
efpecially  grey  and  yellowifh,  even  amongft 
the  transparent  fpecimens.  It  exifts  in  abun- 
dance near  Limberg,  Namur,  Friburg,  and  in 
the  counties  of  Nottingham,  and  Somerfet. 
Bergman  has  alfo  found  it  to  contain  lilex, 
alumine,  and  oxide  of  iron  in  different  pro- 
portions. The  zinc  varies  in  it  from  0,04  to 
0,30. 

According  to  Citizen  Haiiy,  the  modern  mi- 
ll eralo&'ifts,  in  diflimmilhing  calamines  contain- 
ins:  carbonic  acid,  or  native  carbonates  ot  zinc, 

o J 

have  been  guilty  of  errors,  and  even  of  contra- 
dictions, for  fome  arrange  them  improperly  a- 
mongft  the  oxides  ; others,  on  the  contrary,  clafs 
amongft  them  oxides  in  which  an  ex  aft  analyfis 
has  not  found  this  acid.  Such  is  the  native 
oxide  of  zinc  of  Brifgau,  examined  by  Pelle- 
tier, which  Dehorn  ranges  in  the  fpecies  ot  car- 
bonate of  zinc.  By  treating  fragments  of  this 
fame  oxide,  which  had  been  procured  from  dif- 
ferent places,  with  nitric  acid,  Citizen  Haiiy 
has  obferved  no  effervefcence  ; he  has  ob- 
ferved  that  the  earthy  powders  which  fre- 
quently envelop  them,  diffolve  in  it  with  an 
extrication  of  bubbles,  and  lie  is  thence  led  to 
believe,  that  the  effervefcence  is  owing  to  the 

carbonate 


«carbonate  of  lime  mixed  amongft  the  native 
oxide  of  zinc.  I fhall  fhortly  prove  that  there 
ready  exifts  a native  carbonate  of  zinc. 

lb.  The  fulphuret  of  zinc,  or  fulphurated 
zinc,  has  been  termed  Blende , or  Fade  Galena, 
by  the  mineralogifts.  It  is  frequently  difpofed 
in  fcales,  foinetimes  cryftallized  in  tetrahedrons, 
in  ofiahedrons,  in  dodecahedrons.  Its  colour  is 
Sometimes  yellow,  like  honey,  frequently  me- 
tallic, and  analogous  to  that  of  lead,  or  brown, 
deep  violet,  and  even  black,  often  reddifli.  It 
is  frequently  found  mixed  with  the  fulphuret 
of  lead  or  galena,  with  which  it  feems  to  form 
a kind  of  metallic  breehia.  Before  the  nature 
of  the  metal  contained  in  this  ore  was  known,  it 
was  termed  Sterile  Nigrum , becaufe,  with  the 
appearance  of  an  ore  of  lead,  none  could  be 
ext  raffed  from  it  by  the  metallurgical  procef- 
fes  ; the  zinc,  which  was  not  at  that  time  fuf- 
pefied  to  exiff  in  it,  exhaling  in  the  form  of 
vapour.  Many  of  the  fulphurets  of  zinc  are 
more  or  lefs  phofphorefcent  when  rubbed  in  the 
dark  ; fome  are  even  lb  Ifrongly  fo,  that,  by 
merely  rubbing  them  with  a tooth-pick,  we 
caufe  torrents  of  light  to  be  emitted  ; they  ex- 
hale an  hidro-fulphureous  fined,  and  yield  ful- 
phurated hidrogen  gas  when  treated  with  the 
acicls.  Their  nature  is  not  wed  known  ; it  is 
not  afcertained  whether  the  zinc  exifts  in  them 
in  the  metallic  ftafc,  or  in  that  of  oxide  ; whe- 
ther it  be  united  with  the  fulphur  alone,  or  whe- 
ther there  are  one  or  more  other  bodies  which 
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ferve  as  intermediums.  Some  chemitts  have  tup- 
pofed  iron,  and  others  lime,  to  exift  in  them. 
The  following’  are  the  principal  varieties  that 
have  been  diftinguiihcd,  of  the  fulphuret  of 
zinc. 

a.  Dodecahedral  fulphuret  of  zinc,  with 
planes  in  the  form  of  rhombufes  : a fenn  which 
is  obtained  from  the  maifes  of  fulphuret  of 
zinc  by  neat  feetions.  It  has  always  additional 

facets. 

h.  Sulphuret  of  zinc,  with  twelve  trapezoids 
and  twelve  triangles. 

e.  Sulphuret  of  zinc  in  a regular  octahedron. 

d Sulphuret  of  zinc  in  a regular  tetrahedron^ 

e.  Sulphuret  of  zinc  ; numerous  varieties  of 

colour. 

f.  Sulphuret  of  zinc  phofphorefcent  and  non- 
phofph  orefcent . 

^ Sulphuret  of  zinc  in  decompofition,  laminæ 
Separated,  its  luftre  deftroyed,  paffing  into  the 
hate  of  oxide. 

17.  The  fulphate  of  zinc  is  found  in  a native 
ftate,  and  is  very  eafy  to  be  diftinguifhed  by 
its  whitenefs  and  tranfparency,  its  acrid  and 
prong  tafte,  its  lolubility  in  water,  its  aqueous 
fufion.  It  is  rarely  found  in  the  earth  in  rhom- 
boidal  cry  fiais,  but  moft  frequently  in  ftalaCtites 
or  in  fine  needles,  and  filky  filaments,  refem- 
bling  thofe  of  the  amianthus  ; in  the  latter 
date  it  has  often  been  confounded  with  the 
plume-alum.  It  is  found  in  Italy,  and  in 
the  mines  .of  the.  Hartz.  • « 
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18.  The  native  carbonate  of  zinc,  which  is 
ufually  confounded  with  the  oxide  of  zinc  or 
calamine,  is  tranfparent,  white  or  yellowifh 
like  that  fub  fiance  ; it  is  frequently  found  in  the 
fame  places.  Citizen  Vauquelin  has  examined 
a very  pure  fpecimen  of  it  in  the  mineralogical 
colledlion  of  Citizen  Macquart.  This  fait, 
which  is  infipid  and  infoluble  in  water,  diffolves 
entirely,  and  with  a lively  effervefcence  in  the 
nitric  and  muriatic  acids. 

D,  sijfay  and  Metallurgy . 

19.  The  docimaftic  affry  of  the  ores  of  zinc, 
•that  at  leaft  which  was  confidered  as  applica- 
ble to  the  métallurgie  knowledge  of  its  nature 
was  very  fimple  and  very  inaccurate.  It  con- 
fided in  pulverizing  the  oxides  of  this  metal, 
or  its  calamines,  mixing  them  with  charcoal, 
and  heating  this  mixture  in  a crucible  which 
was  covered  with  a plate  of  copper.  The  oxide 
was  reduced  into  zinc,  which  was  volatilized 
by  the  heat  and  united  with  the  copper,  and 
converted  it  into  brafs  or  yellow  copper.  The 
richnefs  of  the  ore  was  judged  of,  according  to 
the  force  or -intenfity  of  the  white  colour;  but 
it  is  evident,  that  this  rude  afiay  could  only 
ferve,  on  the  one  hand  to  afeertain  the  exi  {fence 
of  an  ore  of  zinc,  and  on  the  other  to  prove 
that  this  ore  was  capable  of  converting  copper 
into  brafs.  The  fulphurets  of  zinc  were  ro ailed 
in  order  to  feparate  the  fulphur  from  them,  and 
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the  refidue  of  this  mailing  wag  treated  in  the 
fame  manner  as  the  calamines. 

20.  Citizen  Monnet  was  the  firft  who  pro- 
pofed  to  make  the  allay  of  thefe  ores  by  means 
of  the  nitric  acid,  the  adtion  of  which,  he 
thought,  ought  to  dilfolve  the  metal  and  feparate 
the  fnlphur  from  it,  and  afterwards  to  reduce 
the  oxide  of  zinc  feparated  from  the  acid  by 
di  ft  illation.  Bergman,  however,  has  greatly 
extended  and  improved  the  proceffes  of  this 
analyfis  by  the  humid  way.  He  employed  ful- 
phuric  acid  in  order  to  analyze  the  oxides  of 
zinc  ; he  precipitated  thefe  oxides  by  means  of 
the  carbonate  of  foda;  and  he  found  that  193 
parts  of  this  precipitate  reprefented  100  parts  of 
metal.  As  he  employed  zinc  in  order  to  feparate 
the  folution  of  iron,  which  is  often  mixed  with 
thefe  ores,  he  fubtradled  from  the  weight  of  the 
precipitate  the  quantity  of  metal  employed  in 
this  operation.  As  the  greater  part  of  the  native 
oxides  of  zinc  contain  more  lubftances  than 
iron  and  zinc,  and  efpecially  alumine,  filex,  car- 
bonate of  lime,  with  the  oxides  of  iron  and  lead  ; 
the  following  is  the  method  which  he  has 
defcribed  in  order  to  proceed  with  accuracy 
in  the  analyfis  of  thefe  complicated  ores.  The 
pulverized  oxides  are  treated  three  fucceffive 
times  with  two  parts  of  nitric  acid  ; heat  is 
afterwards  applied  till  the  whole  is  reduced  to 
drynefs  : by  this  means  the  iron  is  highly 
oxidated,  and  becomes  infoluble  in  the  acids, 
lie  diflblves  the  foluble  part  by  means  of  a 
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fourth  doit  of  nitric  acid  : the  oxide  of  iron, 
the  flex  and  the  alumine  remain  together  with- 
out being  taken  up.  The  acid  holds  in  folution 
lime  and  the  oxides  of  zinc  and  lead.  The  la  ft  ox- 
ide is  precipitated  by  the  muriatic  acid  ; the  lime 
is  feparated  by  the  fulphuric  ; the  oxide  of  zinc 
is  precipitated  by  the  pruffiate  of  pot-afh  : and 
the  fifth  part  of  the  weight  of  the  laft  precipi- 
tate indicates  the  proportion  of  the  zinc.  He 
has  alfo  employed  fulphuric  acid  heated  to  dry* 
nefs,  lixiviated  the  refid ue  with  water,  and  pre- 
cipitated this  lixivium  b}^  means  of  ammonia, 
in  order  to  leparate  the  oxide  of  iron  and  the 
alumine  from  the  oxide  of  zinc,  which  is  very 
foluble  in  this  alkali. 

21.  As  to  the  fulphurets  of  zinc,  Bergman, 
who  has  alfo  examined  them  much  in  detail, 
defer ibes,  in  his  Differtation  on  the  ores  of  this 
metal,  the  method  which  he  has  followed  in 
order  to  effect  their  analyfis.  He  firft  feparated 
from  them,  by  difti dation,  the  water,  the  arfe- 
nic,  and  a portion  of  fulphur  ; he  afterwards 
treated  them  with  different  acids,  according  to 
their  degrees  of  folubility  inthefe  fubftances,  and 
precipitated  them  by  means  of  the  different  re- 
agents known  in  the  art,  of  which  I have  already 
had  frequent  occafion  to  fpeak.  He  found 
fuch  great  differences  between  the  various  ful- 
phurets of  zinc  from  different  countries,  that 
the  ores  feem  to  poffefs  no  general  or  identical 
properties  and  compoftion.  There  is,  how- 
ever, reafon  to  believe,  that  thefe  operations 
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are  as  yet  far  from  having  been  brought  to  per- 
fection, and  that  it  is  ne  cedar  y that  able  che- 
mifts  fhould  itill  employ  themfelves  upon  them» 
Important  difcoveries  itill  remain  to  be  made,  as 
well  upon  the  fulphurets  of  native  zinc,  as  upon 
the  different  ores  of  this  metal.  Tims,  by  re- 
ducing* a pulverized  calamine  in  clofe  veffeis, 
Citizen  Vauquelin  obtained  hidrogen  gas  hold- 
ing zinc  in  folution,  and  proved,  as  I had  long 
fufpefited,  efpecially  with  regard  to  arlenic, 
tin,  and  iron,  that  various  metals  are  foluble  in 
that  inflammable  gas,  like  carbon,  pholphorus 
and  fulphur. 

22.  The  ores  of  zinc  are  rarely  worked  by 
themfelves,  or  with  the  foie  intention  of  ex- 
tracting this  metal.  It  will  be  remembered  that 
I remarkedj  above,  that  their  particular  treat- 
ment, and  the  extraction  of  zinc  was  not 
fpoken  of  till  towards  the  commencement  of 
the  eighteenth  century.  It  is  molt  frequently  by 
fufion  of  the  ores  of  lead  mixed  with  fulphuret 
of  zinc,  that  the  latter  metal  is  obtained  in  two 
forms  ; in  thatof  oxide  of  zinc,  proceeding  from 
the  zinc  which  has  been  lublimed  and  burned 
during  its  fublimation,  which  attaches  itfelf  to 
the  chimnies  of  the  furnaces,  where  it  forms 
incruftations  of  a grey  colour,  granulated,  as 
it  were  earthy,  which  are  known  in  metallurgy 
and  in  commerce  by  the  names  of  Tutti/,  or 
Cadmia  of  the  furnaces  ; — and  in  that  of  metal 
which  is  obtained  by  moiftening  with  cold  water 
the  anterior  part  of  the  furnace,  which  is 
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thinner  at  this  place,  and  which  is  termed 
chemife  in  metallurgical  language.  The  zinc, 
being  reduced  to  vapour  by  the  action  of  the 
fire,  condenfes  itfelf  at  this  place,  and  falls 
back  in  the  form  of  fmall  grains  into  the  pul- 
verized charcoal,  which  is  ftrewed  upon  a ftone 
placed  at  the  bottom  of  the  chemife,  and 
termed,  on  account  of  its  ufe,  the  zinc-plate 
(V  affrété  e du  zinc).  The  charcoal  p referees 
the  metal  from  being  oxidated  ; it  is  afterwards 
tufed  a fécond  time  in  a crucible  ; it  is  then  call 
into  ingots  rounded  on  one  of  their  Tides,  or 
into  plates  feveral  centimetres  in  thicknefs,  and 
feveral  decimetres  in  length  or  breadth.  This 
procefs  is  chiefly  pra6H fed  at  Rammelfberg,  from 
whence  the  commerce  of  France  is  particularly 
fupplied  with  this  metal. 

23.  The  art  of  extracting  zinc  in  the  large 
way  is  capable  of  receiving  a great  degree 
of  perfection,  and  will  gain  much  by  being 
more  ftudied  than  has  hitherto  been  done.  We 
are  utterly  ignorant  of  the  proceffes  employed 
by  the  nations  of  the  Eaft,  and  particularly  the 
Chinefe,  who  make  much  greater  ufe  of  this 
metal  in  their  alloys,  than  moft  of  the  European 
nations.  A great  number  of  the  Chinefe  wares 
are  wrapped  or  inclofed  in  leaves  or  vefiels  of 
a foft  alloy,  poffeffing  a greater  or  lefs  degree 
of  refiftance,  'grey,  a little  oxidated  at  its 
outer  furface,  frequently  carved  or  moulded  in 
different  ways,  and  in  which  zinc  is  one  of  the 
moil  abundant  principles.  It  is  brought  to  us 
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from  tins  nation,  amongft  whom  indu  (try  has 
fo  highly  flou rifhed  during  a great  number  of 
aires,  under  the  name  of  Tutenague, — a much 
purer  fpecies  of  zinc  than  that  of  Rammelfberg, 
which  always  contains  lead.  In  1775,  Mr. 

«y 

Engeftroem  made  the  analyhs  of  a brittle  cala- 
mine  of  China,  which  Mr.  Kirwan  terms  Tute- 
nague , in  his  mineralogy,  and  which  contains 
from  0,60  to  0,90  of  zinc.  It  is  from  a fnnilar 
ore  that  the  Chinefe  extract  their  zinc,  though 
we  are  not  acquainted  with  the  procefs  which 
they  employ  for  that  purpofe*  Some  minera- 
logies aflert,  that  zinc  is  extracted  in  England, 
from  its  native  oxide  by  diftillation  or  fubli- 
mation  ; though  neither  the  means  nor  the 
apparatus  ufed  in  this  important  operation  are 
hitherto  known. 


E.  OxidahiUtij  of  Zinc  by  the  J h\ 

*24.  Zinc  fuffers  only  a very  flow,  and  a very 
(light  alteration  by  the  aft  ion  of  cold  air  ; its 
I aft  re  is  a little  tarriifhed,  and  in  the  courfe  of 


time  it  becomes  covered  with  an  extremely 
thin  layer  of  grey  oxide;  that  alfo  which  is  feen 
upon  the  blocks  and  the  ingots  of  commerce 
is  not  produced  except  when  this  metal,  be- 
ing poured  out  into  open  veil  els,  has  been 
very  hot,  and  expofed  for  fome  time  to  the  at- 
mofpherical  air,  whence  it  has  taken  a final! 
quantity  of  oxigen  which  lias  oxidated  its  fur- 
face.  When  zinc,  fufed  in  clofe  vclfels,  is  ex- 
pofed 
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poled  to  hot  air,  at  the  moment  when  it  be- 
gins to  become  fixed,  it  afin  mes  blue,  yellow, 
and  brilliant  rofy  tinges,  which  referable  thofe 
of  the  rainbow.  This  is  a commencement  of 
oxidation. 

25.  When  zinc  is  fufed  in  contafit  with  the 
air,  the  temperature  not  being  raifed  higher 
than  is  requifite  to  melt  it,  or  at  leaft,  not  much 
higher,  its  furface  acquires  rainbow  colours, 
becomes  wrinkled,  lofes  its  brilliancy,  and 
foon  affumes  a dirty  grey  colour.  When  we 
take  away  this  portion  which  forms  a pellicle, 
a fécond  is  formed  fimilar  to  the  fir  ft,  which 
being  feparated  in  its  turn,  is  replaced  by  a 
third  ; and  the  whole  zinc  is  fufceptible  of 
being  changed  in  this  manner  to  the  laft  layer* 
This  grey  oxide  is  formed  much  more  quickly, 
when  we  agitate  the  fufed  metal  confiderably 
and  caufe  it  to  touch  the  air  in  many  of  its 
points.  By  heating  the  grey  clots  which  are 
thus  obtained  in  contact  with  the  air,  they 
gradually  divide  themfelves,  and  become  an 
uniform  grey  powder,  which  at  laft  affumes  a 
dirty  yellowifh  colour.  The  oxidation  of  the 
zinc  cannot  then  be  carried  farther  by  this 
procefs.  The  yellow  oxide  that  has  been 
formed  in  this  manner  weighs  about  feventeen 
parts  more  than  the  zinc  in  the  hundred  parts 
of  the  latter.  It  is  eafily  reduced  into  zinc  by 
the  adtion  of  ignited  charcoal  ; when  a very 
ftrong  heat  is  applied,  it  is  fufed  into  a yellow 
glafso 
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£6  When  zinc  is  ftronody  heated  in  a crucî- 
b le,  io  as  to  render  it  of  a bright  red;  and 
when  after  having  opened  this  veffel,  we  agi- 
tate the  zinc  thus  ignited  to  red  nefs  and 
alraoft  raifed  to  the  point  of  volatilization,  it 
fuddenly  kindles  and  emits  a flame  of  a white 
colour  with  a flight  greenifli  tinge,  which  is 
extremely  brilliant,  and  by  ftrongly  illuminat- 
ing all  the  furrounding  objeéls,  prefents  a very 
beautiful  fpebtacle.  Amongft  all  the  metals 
this  burns  with  the  moft  fenfible  flame,  and  at 
the  loweft  temperature.  As  this  rapid  combuf- 
tion,  this  deflagration,  which  has  been  com- 
pared with  juftice  to  that  of  phofphorus,  on 
account  of  its  lu  ft  re,  its  vivacity,  its  colour, 
as  well  as  the  ftrong  heat  which  accompanies 
it,  takes  place  at  the  moment  when  the  zinc 
in  converted  into  vapour,  and  partly  in  the 
vapour  itfelf,  the  oxide  of  zinc  which  is  fud- 
denly formed,  and  which  produces  in  the  air 
a white,  odorous  and  acrid  fmoke,  the  fenfa- 
tion  of  which  particularly  affebis  the  fauces, 
is  condenfed  in  the  atmofphere  in  flakes,  and 
in  a kind  of  filaments  of  a beautiful  white 
colour,  very  light,  and  of  a very  delicate  tex- 
ture, much  refembling  thole  light  filaments 
produced  by  an  infect  which  is  wafted  along 
with  the  wind  in  the  fpring  and  autumn.  This 
oxide  formed  in  the  air  has  been  termed 
flowers  of  zinc , pomphoUæ , nihil  album , philo * 
fophical  wool  or  cotton. 
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27.  The  fublimed  oxide  of  zinc,  oxidwm 
zlnci  fublimatum , is  entirely  fatu rated  with  oxi- 
gen  ; it  contains  much  more  of  it  than  the 
grey  and  yellow  oxide  of  which  I have  fpoken 
No.  24,  lin  ce  it  is  the  product  of  a much 
ftronger  com  bullion,  and  it  Hands  in  the  fame 
relation  to  this  firft  oxide  as  the  phofphoric 
to  the  phofplioreous  acid.  Some  modern  che- 
mifts  think  it  contains  more  than  half  the 
weight  of  the  zinc  in  oxigen,  and  Citizen 
Guyton  makes  the  proportion  of  this  principle 
amount  to  0,bl.  It  is  not  volatile  by  itfelf 
It  emits  for  fame  time  after  it  has  been  pre- 
pared,  a phofphoric  light.  It  is  irreduci- 
ble, and  the  action  of  the  ftrongell  lire  does 
not  caufe  it  to  give  out  any  of  its  oxigen, 
but  fuies  it  into  a glafs  of  a very  pure  yellow 
colour.  The  oxigen  exifts  in  it  in  a ftate  of 
great  condenfation  and  fixity.  Even  with  the 
addition  of  carbon,  it  is  not  reduced  but  with 
difficulty,  and  a very  high  temperature;  and 
this  operation  fuccceds  only  in  dole  velfels. 
It  fublimes  during  its  reduélion.  The  hidro- 
gen  contained  in  the  charcoal,  and  di {’engaged 
by  the  abtion  of  the  fire  during  this  reduction, 
carries  away  with  it  a portion  of  zinc  which 
renders  it  ponderous,  with  the  property  of  burn- 
ing with  a brilliant  flame  and  a depofition  of 
oxide.  In  general,  this  oxide  of  zinc  retains 
the  oxigen  which  is  combined  with  it  with 
much  obftinacy,  and  no  metal  can  take  it 
away  from  it.  It  would  be  very  ufeful  to 
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examine  it  by  all  the  means  which  the  fcience 
in  its  prefent  ftate  affords;  for  it  promifes  im- 
portant difcoveries. 


F.  Union  with  the  Combufiible  Subfiances . 

28.  No  combination  is  known  between  azote 
and  zinc,  nor  between  this  metal  and  hidro- 
gen  ; the  latter  fubftance  diffolves  metallic 
zinc  and  raifes  it  in  the  form  of  gas  under 
certain  circumftances  ; but  this  gas  reduces 
the  oxide  of  zinc  at  a high  temperature.  Nei- 
ther is  there  any  known  combination  of  carbon 
and  zinc  ; though  a final!  quantity  of  carbon 
is  frequently  extracted  from  this  metal  ; but  as 
the  carbon  which  is  feparated  from  it  is  com- 
bined with  iron,  it  is  thought  that  this  laft  me- 
tal has  in  fome  manner  introduced  it  into  the 
firft.  We  fliall  foon  return  to  this  fact. 

29.  Phofphorus  combines  very  well  with 
zinc  with  the  aid  of  heat.  Margraff  had  only 
feen  the  union  of  its  oxide  with  this  com- 
b'd ft  ib  le  body,  and  obtained  it  in  a fublimate 
of  an  orange-red  colour.  Pelletier,  who  has 
made  many  experiments  upon  this  combination, 
has  obferved  the  fame  compofition  in  red  fub- 
limate ; but  he  has  carefully  diftinguifhed  from 
it  the  phofphuret  of  zinc,  which  he  has  made, 
either  by  heating  zinc  with  phofphorus  in  a 
crucible,  or  by  diftilling  thefe  two  fubftances 
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m a retort,  or  by  decompofmg  vitreous  phof- 
phorie  acid  by  charcoal  and  adding  zinc  filings 
to  this  mixture.  The  procefs  which  he  has 
found  moft  uccefsful  confifts  in  throwing  phos- 
phorus upon  zinc  heated  to  rednefs  in  a cru- 
cible. In  this  manner  he  has  obtained  a phof- 
phuret  of  zinc  of  a metallic  appearance,  left 
white  than  the  zinc,  and  even  of  a leaden  grey 
colour,  which  extended  itfelf  a little  under  the 
hammer,  diffufed  a phofphoric  adour  on  the 
application  of  fire,  and  left  a fpongy  ref- 
due.  He  obferves,  that  by  heating  zinc  and 
pliofphoms  in  a retort,  part  of  the  metal 
is  always  oxidated,  and  that  on  this  account 
we  obtain  a red  fublimate  which  has  already 


been  mentioned  ; he  aferibes  this  effect  to  the 
water,  of  which,  according  to  him,  it  is  very 
difficult  completely  to  deprive  it. 

30.  Zinc  cannot  be  combined  with  fulphur 
in  a direct  manner:  when  thofe  two  com  buffi - 
ble  fubftances  are  heated  together  in  a cruci- 
ble, the  fulphur  feparates  without  uniting  with 
the  zinc,  which  only  becomes  a little  more  in- 
fufble.  Mr.  Dehne  has  obferved,  that  when 
thefe  two  fubftances  are  kept  together  in  the 
ftate  of  fufon  in  a crucible,  the  zinc  becomes 
oxidated,  and  then  unites  with  the  fulphur, 
affuming  a brown  or  grey  colour.  Citizen 
Guyton  has  difeovered,  face  the  obfervation 
of  Mr.  Dehne,  that  we  may  eafly  combine 
together  the  oxide  of  zinc  and  fulphur  by 
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fufion,  and' that  the  refult  of  this  procefs  was 
a mineral,  or  a fort  of  grey  ore,  fnnilar  to  the 

fulphuret  of  zinc  of  Huelgoet,  from  which 
prifmatic  needles  of  a brilliant  yellow  colour 
were  fometimes  raifed  and  fublimed  upon  the 
lid  of  the  crucible.  Hence  he  concludes,  that 
blende  contains  the  zinc  in  the  ftate  of  oxide, 
but  that  it  differs  from  the  artificial  combi- 
nation, being  formed  in  the  humid  way,  as  ap- 
pears from  the  water  which  it  contains,  whereas 
we  are  not  yet  able  to  form  this  combination 
artificially  except  in  the  dry  way.  Malouin 
has  afcertained  that  the  liquid  alkaline  fulphu- 
rets  do  not  diffolve  zinc. 

31.  Zinc  combines  with  feveral  metallic  lub- 
flances  ; it  refufes  to  enter  into  alloys  with  co- 
balt, bifmuth,  and  nickel  ; when  thefe  metals 
are  fufed  together,  they  are  afterwards  found 
feparated  according  to  the  order  of  their  fpe- 
cific  gravity.  Nothing  is  yet  known  con- 
cerning the  reciprocal  action  of  tungften,  mo- 
lybdcna,  chromium,  titanium,  uranium,  and 
manganefe,  upon  zinc.  Its  combinations  with 
arfenic,  antimony,  and  mercury,  have  been 
examined. 

A . Malouin  has  found  that  metallic  arfenic 
does  not  unite  fo  well  with  zinc  as  its  oxide 
or  arfenious  acid.  However,  by  diftilling  a 
mixture  of  this  acid,  tallow  and  zinc,  he  ob- 
tained a blackifh  rnafs,  refembling  blende , but 
more  tender.  It  appears,  that  when  the  arfenious 
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acid  unites  with  it,  it  yields  its  oxigen  to  the 
zinc,  and  again  paffes  into  the  metallic  hate. 
However,  the  experiments  of  Malouin  on  this 
combination  ought  to  be  refumed. 

B.  Zinc  and  antimony  eafdy  combine  and 
alloy  with  each  other  by  fufion  ; they  form  a 
hard  alloy,  with  fmall  facets,  and  brittle, 
which  feems  to  refemble  fteel.  The  fulphuret 
of  antimony,  fufed  with  this  metal,  remains 
feparated  from  it» 

C.  Zinc  unites  with  mercury  even  by  tritu- 
ration. According  to  Pott,  this  combination 
may  be  better  made  by  uniting  fufed  zinc  with 
hot  mercury  ; an  amalgam  is  formed  which 
eafiiy  becomes  fluid  by  trituration.  It  cryftal- 
lizes  by  flow  refrigeration  into  fquare  îaminæ, 
with  level  edges.  It  crackles  over  the  fire. 
Several  chemifts  affure  us,  that  when  it  is  walked 
in  hot  water,  the  zinc  feparates  from  it  in  the 
ftate  of  oxide.  Moreover,  it  is  thought,  that 
zinc  feparates  antimony  from  mercury  ; and 
this  accords  with  the  difference  of  the  degrees 
of  adherence  for  this  liquid  metal  which  Citi- 
zen Guyton  has  pointed  out;  for  antimony 
adheres  to  it  only  with  a degree  of  force  repre- 
fented  by  1 26,  whilfl  that  of  zinc  is  exprefled 
by  the  number  204 i?. 
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G.  A Elion  upon  Water  and  the  Oxides . 

32.  Zinc  has  a great  tendency  to  decompofe 
water,  in  confequence  of  its  great  attraction 
for  oxigen.  Accordingly,  this  metal  in  the 
ftate  of  powder,  left  even  in  the  cold  in  contact 
with  water  in  the  upper  part  of  a bell  glafs  full 
of  mercury,  produces  an  effervefcence,  forms  a 
grey  powder  of  oxide,  and  yields  hidrogen  gas. 
This  action  increafes  to  fuch  a degree,  and  be- 
comes fo  violent  in  high  temperatures,  that  the 
etfervefcence  and  ebullition  produces  dangerous 
detonations,  as  Lavoifier  has  remarked.  We 
fhall  foon  fee  that  this  decomposition  takes  place 
in  many  other  experiments,  and  that  on  this 
account  zinc  is  frequently  employed  by  che~ 
mitts  for  the  purpole  of  obtaining  the  pureft 
hidrogen  gas  which  they  are  able  to  procure. 

It  is  very  remarkable  that  this  oxidability 
of  zinc  by  water  is  fmgularly  augmented  when 
we  place  it  upon  another  metal  whilft  it  is 
plunged  in  this  liquid.  Thus  when  two  plates 
of  zinc  are  placed  in  two  glafs  vetfels,  the  bote 
tom  of  which  is  covered  with  a fufticient  quan- 
tity of  water  for  the  zinc  to  be  immcrfed  in ‘it, 
and  when  the  condition  of  this  metal  is  varied 
in  fuch  a manner,  that  in  one  of  the  veflels 
it  is  alone  in  contact  with  the  water,  whilft 
in  the  other  veilel  it  refis  upon  a plate  or  a 
piece  .of  filver,  the  latter  plate  is  covered,  and 
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as  it  were,  enveloped  with  flakes  of  white  ox-» 
ule  at  the  end  of  tome  hours  ; whilft  the  plate 
of  zinc  that  has  been  left  alone,  is  either  not 
oxidated,  or  exhibits  only  a flight  appearance 
of  oxidation, 

33.  This  metal  a6ts  with  much  energy  upon 
rnoft  of  the  metallic  oxides,  from  which  it 
takes  away  in  a red  heat  the  greater  part  of  their 
oxigen.  As  it  holds  the  fécond  rank  after 
manganefe,  in  the  order  of  the  attractions  for 
this  principle,  it  may  be  employed  to  decom- 
pose almoft  all  the  oxides  ; and  as  it  is  at 
the  fame  time  the  metal  which  abforbs  oxi- 
gen in  the  molt  Solid  State,  it  frequently  in- 
flames at  the  moment  when  it  Seizes  upon  this 
principle.  Thus  by  rapidly  heating,  in  a glafs 
retort,  a mixture  of  zinc  in  the  ftate  of  fine 
tilings,  or  powder,  with  red  oxide  of  mercury, 
we  fee  at  the  moment  when  thefe  fubftances 
become  ignited  to  rednefs,  a flame  or  Sparks 
which  run  through  and  fill  the  apparatus,  and 
afterwards  find  the  mercury  reduced,  and  the 
zinc  in  the  flate  of  oxide  lining  the  tides  of  the 
retorf  throughout 
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H.  A Sion  upon  the  Acids. 

34.  There  is  no  metal  which  exerts  a more 
prompt  adlion  upon  the  acids,  which  decom- 
pofes  them,  or  the  water  which  accompanies 
them,  with  greater  activity,  and  which  is  dif 
folved  more  abundantly  in  thefe  bodies.  The 
fulphuric  acid,  diluted  with  water,  and  poured 
upon  zinc  in  filings  or  in  fragments,  appears  to 
attack  it  with  force  ; a lively  effervefcence  is 
produced  fuddenly  and  in  the  cold,  and  the 
mixture  becomes  much  heated.  A large  quan- 
tity of  hidrogen  gas  is  difengaged,  which  holds 
in  folution  a little  carbon,  but  which  however 
is  one  of  .the  pureit  and  lighted  which  the  che- 
inifts  are  able  to  obtain.  Accordingly,  it  is 
this  gas  which  they  employ  for  re-compofmg 
water  in  their  exabt  experiments  ; and  it  is  the 
fame  which,  in  the  experiment  which  I made 
in  1790  with  Citizens  Sequin  and  Vauquelin, 
afforded  us  very  pure  water  free  from  acid. 
The  fmall  quantity  of  carbon,  diffolved  in  the 
hidrogen  gas  thus  obtained,  proceeds  from  the 
fmall  portion  of  carburet  of  iron  contained  in 
the  zinc,  of  which  1 fhall  immediately  fpeak. 
It  cannot  be  doubted  that  the  water,  decom- 
pofed  by  this  metal,  which  has  great  avidity 
for  oxigen,  is  here  the  fource  of  the  gas,  fmce 
the  concentrated  fulphuric  acid  does  not  dif- 
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Solve  zinc  except  with  the  affiftance  of  heat,  and 
fmce  when  decompofed  itfelf,  in  the  (late  of  con- 
centration, it  affords  fulphureous  acid  gas.  The 
water,  therefore,  in  this  cafe,  effects  the  oxi- 
dation of  the  metal,  and  the  oxide  becomes  dif- 
folved  in  proportion  as  it  is  formed  in  the  fill- 
phuric  acid,  which,  in  fabt,  is  found  perfe&ly 
entire  after  the  folution.  In  proportion  as  this 
folution  takes  place,  we  fee  a fmall  quantity  of 
very  black  powder  in  a State  of  extreme  divifion 
floating  in  the  liquid,  which  has  long  been  mis- 
taken by  chemiffs,  and  which  is  nothing  elfe  than 
carburet  of  iron  or  plumbago,  exifting  origi- 
nally in  the  zinc,  from  which  it  feparates  becaufe 
infoluble.  When  the  extrication  of  hidrogen 
gas  has  ceafecl,  and  the  folution  of  the- zinc  is 
completed,  the  liquid  has  a Angular  fmeil,  analo- 
gous to  that  of  rancid  fat  ; it  is  turbid  and  re- 
plete with  a white  powder,  which  gradually 
difappears,  and  buffers  the  folution  to  affirme  a 
perfect  transparency  when  we  add  water  which 
diffolves  it.  By  evapoiatmg  it  m a piopei  man- 
ner, and  leaving  it  to  eool,  we  obtain  the  cryf- 
fcallized  Sulphate  of  zinc. 

35.  The  fulphate  of  zinc.  Sufficiently  pure 
and  prepared  in  this  manner,  is  white  and  trans- 
parent. It  cryftallizes  in  tetrahedral  prifms,  ter- 
minated by  pyramids  with  four  faces  ; the  faces 
of  thefe  prifms  are  Smooth,  and  have  Some  re- 
semblance with  thofe  of  fulphate  of  magnefia. 
This  cryftallization  is  not  very  difficult,  and 
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when  the  fait  is  pure,  it  always  fucceeds  well  by 
the  cooling  of  its  folution  a little  condenfed  by 
the  heat.  This  fait  has  a pretty  (Iron  g acrid, 
ftyptic,  and  metallic  tafte.  It  is  alfo  prepared 
by  diffolving  the  grey  or  white  oxide  of  zinc 
in  fulphuric  acid,  which,  however,  faturates 
itfelf  with  much  greater  difficulty  than  when 
the  metal  is  gradually  oxidated  by  means  of 
water.  When  fulphate  of  zinc  is  heated  in 
a retort,  if  melts,  lofes  its  water  of  crvftalliza- 
tion,  gives  out  a portion  of  its  acid  in  the  hate 
of  fulphureous  acid  and  a little  water;  it  dries 
and  becomes  in  part  decompofed  ; fo  that  when 
we  afterwards  attempt  to  diffolve  it  again  in 
water,  a portion  of  oxide  of  zinc  remains  info* 
luble.  Expofed  to  the  air,  the  fulphate  of 
zinc  efflorefees,  and  lofes  its  water  of  cryftalli- 
zation  : it  is  decompofed  and  precipitated  in 
a white  oxide  by  all  the  alkalis,  and  thefe  pre* 
cipitates,  efpecially  thofe  that  have  been  made 
by  the  carbonates,  are  capable  of  affording* 
white  pigments  for  painting.  This  precipitated 
oxide  is  foluble  in  the  acids,  and  in  an  excefs 
of  the  precipitating  alkalis,  efpecially  of  am- 
monia. The  fulphate  of  zinc  is  alfo  decom- 
pofed with  the  aid  of  heat,  by  nitre,  which 
it  decompofes  at  the  fame  time  : from  this  de- 
compofition,  when  made  in  a retort,  there  re- 
faits nitric  acid,  in  part  nitrous,  and  fulphate 
of  pot-afh  mixed  with  oxide  of  zinc.  The 
alkaline  fulphurets  and  the  hidro-fulphurets 
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alfo  precipitate  the  fulphate  of  zinc  in  a deep 
orange  or  brown  colour  ; fulpliurated  and  hidro- 
fulphurated  oxide  of  zinc  are  then  depofited. 

36.  There  exifts  in  commerce,  under  the 
names  of  white  copperas , white  vitriol,  Gojlar 
vitriol , a fulphate  of  zinc  which  is  prepared  in 
the  large  way  at  Gojlar.  It  is  in  the  form 
of  white  maffes  granulated  like  iugaiy  and 
often  fpotted  with  yellow.  It  is  prepared  by 
reading  the  native  fulphurated  oxide  of  zinc 
or  blende  ; treating  this  roafted  ore,  already 
changed  into  fulphate  by  the  combuftion  of  the 
fulphur  with  an  addition  of  water  ; decanting 
the  clear  liquor,  then  evaporating  it,  and  caufing 
it  to  cryftallize  fuddenly  by  refrigeration,  and 
laftly,  by  fufmg  the  fait  to  deprive  it  of  a por- 
tion of  its  water  of  crydallization,  and  obtain 
it  in  irregular,  folid,  and  granulated  maffes. 
This  fait  exhibits  all  the  properties  of  the  ful- 
phate of  zinc  which  has  juft  been  deferibed  ; 
it  differs  from  it  only  in  being  impure  and 
containing  fulphate  of  iron  : accordingly,  when 
we  diffolve  it  and  leave  the  folution  expofed  to 
the  atmofphere,  a red  oxide  of  iron  is  feparated 
from  it,  and  the  cryftals  which  we  obtain  have 
frequently  a rofe-colour  ; which  is  a certain 
indication  of  the  prefence  of  the  latter  metal, 
which  is,  befides,  proved  to  exift  in  it  by  the 
violet  or  black  colour  that  the  folution  of  this 
impure  fait  allumes,  as  foon  as  we  add  to  it  a 
fmall  quantity  of  nut-gall.  It  is  alfo  thought 
that  this  fait  of  commerce  contains  a fmall  pro- 
portion 
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portion  of  lead.  In  order  to  purify  it,  it  is 
ad vi fable  to  put  pieces  of  zinc  into  its  folution, 
which  precipitate  the  foreign  fubftances.  It  is 
then  very  pure,  and  may  be  ufed  for  the  fame 
purpofes  as  the  artificial  fulphate  of  zinc,  pro- 
vided that  the  zinc  employed  in  the  preparation 
of  this  latter  fait  be  perfectly  free  from  iron, 
which  will  be  the  cafe  when  in  preparing  it, 
we  take  care  to  put  more  zinc  into  the  fulphuric 
acid  then  it  is  able  to  diffolve. 

37'  The  fulphureous  acid  quickly  attacks 
zinc  in  powder  or  in  filings  ; a great  production 
of  heat  takes  place  ; fulphurated  hidrogen  gas 
is  difengaged  ; the  liquor  firft  becomes  brown  ; 
fometimes  it  becomes  turbid,  and  affumes  the 
yellow  colour  of  fulphur;  towards  the  termina- 
tion of  the  aCtion  it  becomes  clear.  This  folu- 
tion  has  a pungent,  aftringent,  and  fulphureous 
tafte.  The  fulphuric  and  muriatic  acids  dif- 
engage  fulphureous  gas  from  it  with  effer- 
vefcence,  and  precipitate  from  it  a yellowifh 
white  powder.  The  nitric  acid  firft  feparates 
fulphureous  gas  from  it,  and  afterwards  a flaky, 
duCtile,  and  adhefive  precipitate.  The  precipi- 
tate is  real  fulphur.  When  expofed  to  the  air, 
the  fulphureous  folution  of  zinc  thickens  like 
liquid  honey,  affords  needles  or  fine  tetrahedral 
prifms  with  quadrangular  and  very  fh ap- 
pointed pyramids,  which  become  white  in  the 
air,  and  form  a white  powder  infoluble  in  water. 
Heated  before  the  blow-pipe,  this  fait  fwells, 
emits  a lively  and  brilliant  light  like  that  of 
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burning  zinc,  and  rifes  in  the  form  of  the 
branches  of  fhrubs  of  a very  agreeable  appear» 
ance,  or  in  tubercles  furmounted  by  a multi- 
tude of  other  fmaller  tubercles  : this  is  one  of 
the  molt  lingular  and  moft  pleafmg  fpeélacles 
that  are  prefented  by  the  experiments  made  with 
the  blow-pipe.  It  is  partly  foluble  in  alchohol  : 
the  part  which  has  not  been  diffolved,  yields 
only  fulphureous  acid  gas  by  the  fulphuric  acid, 
whilll  the  part  that  has  been  diffolved,  at  the 
fame  time  that  it  yields  the  fame  gas  by  this 
acid,  prefents  an  abundant  precipitate  of  fui» 
phur.  Diftilled  in  a retort,  the  fulphite  of 
zinc  affords  water,  fulphureous  acid,  fulphuric 
acid,  fublimed  fulphur  ; there  remains  fome 
oxide  of  zinc  mixed  with  a fmall  quantity  of 
fulphate  of  this  metal.  The  yellow  powder, 
feparated  from  this  fait  by  the  acids,  burns  with 
a blue  flame  upon  ignited  coals;  it  is  diffolved 
into  a brown  fulphuret  by  the  liquid  alkalis» 
Thus  this  fait  is  a fulphurated  fulphite  of  zinc  : 
in  its  folution  by  the  liquid  fulphureous  acid? 
the  metal  has  decompofed  the  water,  and  a por- 
tion of  the  fulphureous  acid  itfelf,  fince  fulphu- 
rated hidrogen  gas  is  difengaged;  the  fulphur 
that  is  feparated  is  not  precipitated  during  the 
folution,  but  combines  with  the  fulphite  of 
zinc  ; this,  however,  is  not  fatu rated,  fince  the 
alchohol,  whilft  it  diffolves  only  the  portion  of 
fulphurated  fulphite  which  it  contains,  feparates 
from  it  fulphite  of  zinc. 
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38.  As  zinc  is  one  of  the  metals  which  prefent* 
with  the  greateft  energy,  the  very  remarkable 
properties  of  a double  combination  with  the  ful- 
phureous  acid  ; and  as  thefe  combinations  have 
not  yet  been  properly  defcribed,  or  even  indi- 
cated by  chemitts,  I (hall  here  give  a fomewhat 
circumftantial  account  of  a fécond  fpecies  of 
fait  or  fulphite  of  zinc  that  is  not  fulphurated 
like  the  preceding.  It  is  the  refuit  of  numerous 
experiments  which  I have  made  in  conjunction 
with  Citizen  Vauquelin,  which  I am  about  to 
offer,  as  it  throws  much  light  upon  compounds 
hitherto  unknown,  which,  it  is  neverthelefs, 
very  ufeful  to  the  progrefs  of  chemiftry  to 
diftinguifli.  I have  already  indicated  their  bafes 
in  the  firft  article  of  this  feCtion. 

When  the  white  oxide  of  zinc  is  mixed  with 
fulphureous  acid  highly  concentrated,  thefe 
two  bodies  combine  without  motion,  with  a 
production  of  heat,  and  a deltru&ion  of  odour 
on  the  part  of  the  acid.  When  the  faturation  is 
complete,  white  imbricated  cryftals  are  formed 
upon  the  furface  of  the  liquor.  This  fait  or 
pure  fulphite  oj  zinc , compared  with  the  pre- 
ceding, or  the  fulphurated  fulphite  of  zinc , 
prefents  the  following  properties  : 

cl  It  has  a lefs  pungent,  but  more  ftyptic 
tafte  than  the  latter. 

b.  It  is  lefs  foluble  in  water,  and  cryftallizes 
more  eafijy. 
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c.  The  acids  hitherto  known,  or  with  frniple 
radicals  decompofe  it  with  effervefcence,  but 
they  do  not  feparate  from  it  any  fulphur,  as 
from  the  fulphurated  fulphite. 

d.  It  is  infoluble  in  alcohol,  whilft  the  pre- 
ceding*  is  entirely,  and  even  abundantly  foluble 
in  it.  4 

e.  It  forms  white  precipitates  with  the  alkalis, 
whilft  the  fulphurated  fulphite  affords  yellowifh 
precipitates. 

y.  Expofed  to  the  air,  it  is  fpeedily  con- 
verted into  fulphate  of  zinc,  whilft  the  fulphu- 
rated fulphite  may  be  expofed  to  the  air  for  a 
great  length  of  time  without  undergoing  any 
alteration. 

g.  The  precipitate  which  the  fulphite  of  zinc 
yields  by  the  alkalis  is  completely  foluble  in 
the  cold  in  fulphuric  acid  ; that  furnifhed  by 
the  fulphurated  fulphite  is  only  partially  fo,  and 
leaves  pure  fulphur  after  the  feparation  of  the 
oxide  of  zinc  by  this  acid. 

h.  All  the  properties  of  this  fulphite  of  zinc 
are  changed,  and  fulphurated  fulphite  is  formed, 
when  inftead  of  diffolving  pure  oxide  of  zinc 
in  fulphureous  acid,  we  treat  a mixture  of  ful- 
phur and  oxide  of  zinc  with  this  acid  in  the 
heat.  However,  it  is  lefs  fulphurated  by  this 
operation  than  that  which  is  prepared  with 
zinc  and  fulphureous  acid,  ftnce  in  the  latter 
cafe,  the  zinc,  whilft  it  decompofes  the  ful- 
phureous acid,  and  feparates  the  fulphur  from 
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it,  unites  with  it  more  intimately  and  more 
abundantly,  on  account  of  its  great  fiate  of 
diyifion. 

59,  The  concentrated  nitric  acid  is  capable 
of  inflaming  zinc  : in  order  to  effect  its  fo bâ- 
ti on,  this  acid  muft  be  taken  in  its  weak  ftate, 
and  the  zinc  in  rather  coarfe  fragments.  A 
confiderable  heat  is  produced  ; the  efferveicence 
which  accompanies  the  folution,  gives  rife  to  a 
clifengagement  of  a large  quantity  of  nitrous 
gas,  which  reddens  fuddenly  and  ftrongly  with 
the  air  when  the  operation  is  performed  in  open 
veffels;  by  this  means  a large  quantity  of  nitrous 
gas  may  be  colleéted.  Thus  the  zinc  rapidly  de- 
composes the  acid  of  the  nitre,  and  takes  oxigen 
from  it.  When  this  metal  contains  iron,  this 
is  feparated  at  the  furface  of  the  folution  in 
the  form  of  a reddilh  oxide  ; when  it  is  pure, 
it  leaves  only  a final  1 quantity  of  black  powder 
of  carburet  of  iron,  like  the  fulphuric  acid. 
The  oxide  of  zinc,  in  proportion  as  it  is  formed, 
diffolves  in  the  nitric  acid,  which  even  takes  up 
much  more  of  it  than  the  fulphuric  acid.  This 
folution  is  frequently  of  a greenifh  yellow 
colour  ; it  is  very  cauftic,  though  made  with 
an  acid  diluted  with  water.  By  evaporation 
and  refrigeration,  it  affords  cryftals  in  tetrahe- 
dral compreffed  and  ftriated  prifms,  terminated 
by  pyramids  with  four  faces.  This  fait  melts 
upon  the  coals,  and  becomes  fufed  with  crack- 
lino-.  in  the  part  which  is  defecated.  Dur- 
ing 


ing  its  detonation  it  emits  a final!  reddifh  flame. 
When  filled  in  a crucible,  it  quickly  affords  an 
extrication  of  red  vapours  ; it  affumes  a deep 
colour  and  a gelatinous  confidence.  When 
cooled  in  this  date,  it  retains  its  foftnefs  for 
fome  time.  By  continuing  to  heat  it,  it  be- 
comes dry,  affords  nitrous  and  oxigen  gas,  and 
leaves  a yellowiih  oxide.  Hellot  had  infifted 
upon  the  nitrous  acid  extracted  from  this  fait, 
and  the  red  colour  which  it  affumes  during:  its 
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fuflon.  The  nitrate  of  zinc  attradls  the  hm 
midity  of  the  atmofphere,  and  lofes  its  form. 
It  is  perfectly  decompofed  by  the  fulphuric  acid  ; 
the  alkalis  precipitate  from  it  a white  oxide 
which  they  re-diffolve,  and  the  alkaline  car- 
bonates produce,  by  precipitation,  a very 
white  carbonate  of  zinc.  The  nitrite  of  zinc 
is  not  known,  though  it  is  very  probable  that 
the  nitrate,  after  being  heated,  and  having 
affumed  a red  colour,  is  in  this  date. 

40.  The  muriatic  acid  acts  upon  zinc  with 
much  rapidity  ; it  diffolves  it,  producing  a bride 


efffcrvefcence  and  a difengagement  of  very  pure 
hidrogen  gas  ; it  therefore,  powerfully  promotes 
the  decompodtioii  of  water  by  this  metal.  In 
proportion  as  the  oxidated  zinc  diffolves  in  the 
muriatic  acid,  a black  powder  of  carburet  of 
iron  is  feparated.  The  muriatic  folution  of 
zinc  is  white  and  colon  riels  ; it  affords  no 
cry  dais,  how  far  foever  we  may  carry  the  eva- 
poration ; but  it  is  reduced  to  a tranfparent  and 
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foft  mafs  like  a jelly.  In  di  (filiation,  it  yields  à 
fin  all  quantity  of  very  fuming  acid,  and  a folid 
muriate  of  zinc  fufible  in  a gentle  heat,  which 
was  formerly  termed  butter  of  zinc . This 
muriate  of  zinc,  when  fublimed  and  congealed, 
is  of  a beautiful  white  colour,  confiding  of  fmall 
prifms  adhering  the  one  upon  the  other.  It  is 
decompofable  by  the  fulphuric  acid,  which  did 
engages  the  muriatic  acid  from  it  in  the  form 
of  vapour  or  gas.  The  alkalis  precipitate  it  of 
a white  colour;  water  does  not  precipitate  it; 
it  gradually  attracts  the  moifture  of  the  atmod 
phere,  and  foon  forms  a tranfparent  jelly.  It 
is  alfo  obtained  by  decompofing  the  fuper-oxige- 
nated  muriate  of  mercury  by  means  of  zinc. 

41*  When  zinc  is  thrown  in  the  hate  of  pow- 
der into  oxigenated  muriatic  acid  gas,  it  in- 
flames, and  forms  a white  oxide  as  well  as  by  the 
nitric  acid.  It  is  afterwards  foluble  in  the  muri- 
atic acid,  and  forms  the  fame  fait  as  is  produced 
by  the  folution  of  zinc  in  this  acid  in  its  Ample 
date.  The  liquid  oxigenated  muriatic  acid  did 
folvcs  zinc  without  motion  and  without  efferve- 
fcence  ; for  this  metal  becomes  oxidated  by  quiet- 
ly taking  oxigen  from  it,  and  unites  in  proportion 
as  it  is  oxidated  with  the  dl (oxigenated  muriatic 
acid.  This  folution  does  not  differ  from  that  of 
the  metal,  or  its  oxide  in  the  fimple  muriatic 
acid.  We  are  not  yet  acquainted  with  the 
fuper-oxigenated  muriate  of  zinc,  which  appears 
to  be  reproduced  when  we  treat  the  muriate  of 
zinc  with  the  oxigenated  muriatic  acid. 
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42.  The  phofphoric  acid  diluted  with  water 
attacks  zinc,  with  a difengagement  of  hidro- 
gen  gas,  which  is  owing  to  the  decompofition 
or  the  water;  we  foon  fee  a white  powder 
formed,  which  is  depofited,  and  is  the  phof- 
phate  of  zinc.  We  alfo  obtain  it  in  a white 
precipitate,  owing  to  the  effect  of  a necef- 
fary  double  attradfion,  when  we  pour  into  a 
lolution  of  fulphate,  of  nitrate,  or  of  muriate 
of  zinc,  that  of  the  phofphates  of  pot-atli,  of 
loda,  or  of  ammonia.  We  are  not  yet  ac- 
quainted with  the  charadteriftic  properties  of 
the  phofphate  of  zinc.  This  metal,  when  heated 
ftrongly  with  the  vitreous  phofphoric  acid^ 
reduces  a portion  of  it  into  phofphorus,  with 
which  it  combines  into  phofphuret  of  zinc. 

43.  The  combinations  of  the  fluoric  and 
boracic  acids  with  zinc  have  not  yet  been 
examined.  The  firft  attacks  it  with  efferve- 
fcence  and  a difengagement  of  hidrogen  gas. 
The  fécond  attacks  it  but  very  feebly  by  im- 
mediate contact,  but  it  combines  with  its  oxide 
when  the  nitric  or  muriatic  folution  of  zinc 
is  poured  into  the  folutions  of  borate  of  pot-afh 
or  of  foda.  The  diftinguilliing  properties  of 
the  borate  of  zinc  have  not  been  examined  * 
we  only  know  that  it  is  infoluble  in  water. 

44.  Zinc  thrown  in  the  irate  of  a fine  powder 
into  liquid  carbonic  acid,  is  oxidated  and 
diffolved  in  fufficient  abundance  after  remain- 
ing twenty  four  hours  in  this  acid,  for  a pel- 
licle 
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licle  of  carbonate  of  zinc,  of  different  colours, 
to  be  formed  upon  the  furface  of  the  folution 
expofed  to  the  air,  according  to  Bergman. 
This  is  undoubtedly  the  manner  in  which  na- 
ture prepares  the  carbonate  which  is  found  in 
the  fecondary  ores  of  this  metal  Nothing 
can  furnifli  a better  proof,  than  this  folution 
of  zinc  in  water  charged  with  carbonic  acid, 
of  the  great  tendency  which  this  metal  has  to 
combine  with  oxigen,  and  the  property  which 
it  poffeffes  of  eafily  decompofmg  water  ; for 
though  no  effervefcence  is  here  obferved,  it 
cannot  be  doubted  that  hidrogen  gas  is  dif- 
engaged,  as  may  be  perceived  from  the  fmell 
of  the  folution. 

45.  The  arfenic,  tungftic,  molybdic  and 
chromic  acids  are  fuiceptible  of  combining 
with  the  oxide  of  zinc,  which,  in  the  metallic 
ftate,  decompofes  them  and  robs  them  of  their 
oxigen.  Hitherto  the  arfeniate,  the  tun  g ftate, 
the  molybdate,  and  the  chromate  of  zinc  have 
not  been  obtained  unlefs  by  double  attractions, 
by  precipitating  the  nitrate  of  zinc  by  the  com- 
binations of  thefe  acids  with  alkalis.  Thefe 
faits  are  depoftted  in  the  form  of  powder,  becaufe 
they  are  infoluble  in  water  ; the  three  firft  are 
white,  and  the  chromate  of  zinc  is  of  an 
orange-red  colour.  Thefe  compounds  are  de- 
ftroyed  by  the  preceding  acids  in  the  infulated 
ftate. 
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I,  A 51  ion  upon  the  Bafes  and  the  Salts . 

4 6.  Amongst  the  fall  fiable  bafes  we  are 
yet  acquainted  only  with  the  adtion  of  the 
alkalis  upon  zinc.  When  we  plunge  it  into 
folutions  of  pot-ath,  or  of  foda,  it  becomes 
tarnifhed  ; its  colour  blackens  ; and  even  when 
thefe  liquors  are  boiled  a fmall  quantity  of 
hidrogen  gas  is  difengaged  ; the  alkalis  then 
afiume  a dirty  yellow  colour,  and  a white 
oxide  of  zinc  may  be  precipitated  from  them 
by  means  of  the  acids. 

Ammonia,  according  to  the  experiments  of 
Laffone,  adts  full  more  powerfully  upon  this 
metal  in  the  cold  ; more  hidrogen  gas  is  ex- 
tricated ; the  oxide  thus  formed  is  diffolved 
more  abundantly  in  the  liquor,  and  after 
fome  time,  a large  quantity  of  this  white  oxide 
is  feen  at  the  bottom  of  the  volatile  alkali* 
Thefe  alkaline  folutions  become  turbid  by 
expofure  to  the  air,  the  oxigen  and  carbo- 
nic acid  of  which,  adting  at  the  fame  time, 
precipitate  the  oxide.  This  is  another  proof 
of  the  ftrong  attradtion  of  zinc  for  oxigen, 
and  of  the  facility  with  which  it  effects  the 
decompofition  of  water,  afiifted  only  in  this 
cafe  by  the  adtion  of  the  alkalis. 

47.  Zinc  decompofes  the  alkaline  and  earthy 
fulphates  by  the  aid  of  heat  It  feizes  the 
oxigen  of  the  fulphuric  acid,  and  reduces  it 
Yq£.  V,  N U to 
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to  the  {rate  of  fulphur  which  combines  with 
the  bates  of  the  fulphates.  Thefe  fulphurets, 
when  once  formed,  combine,  though  not  with- 
out difficulty,  with  the  oxide  of  zinc  ; and 
when  this  fufed  mafs  is  lixiviated,  the  water 
diffolves  the  fulphurets,  which  hold  only  a very 
fmail  quantity  of  oxide  of  zinc  in  folutiom 
The  greater  part  of  the  oxide  remains  pure 
and  infulated  after  this  adtion  of  the  water. 
Pott  has  obferved,  that  zinc  decompofes  alum 
by  ebullition  : in  this  cafe  a triple  fulphate  of 
zinc  and  alumine  is  formed. 

48.  The  nitrates  bum  zinc  brifkly  with  the 
aid  of  a red  heat  ; their  acid  is  decompofed  ; 
the  oxigen  feizes  the  metal  with  which  it  unites 
in  a more  folk!  ftate  and  more  intimately  than 
was  the  cafe  in  the  nitric  combination  ; hence 
the  activity  and  the  luftre  of  the  detonation 
and  flame  which  accompany  this  rapid  com- 
buftion.  The  azote  is  difennap-ed  in  the  form 
of  gas,  and  the  refult  of  this  operation  is  an 
oxide  of  zinc  at  the  maximum  of  oxidation, 
combined  in  part  with  the  bafe  of  the  nitrate 
which  has  been  employed.  Moll  commonly 
the  nitrate  of  pot-afh  is  ufcd  for  this  com  buf- 
tion ; three  parts  of  it,  wrell  dried  are  mixed 
with  one  part  of  zinc  in  fine  filings,  or  even 
in  powder  pafifed  through  the  fieve  ; this  mix- 
ture is  thrown  into  a crucible  heated  to  red- 
ncfs  ; the  radiance  of  the  inflammation  which 
immediately  takes  place  is  fuch,  that  it  throws 
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out  to  a great  diftance  from  the  veffel  por- 
tions of  burning  matter,  with  flafhes,  and  a 
very  brilliant  light;  it  is  therefore  neceffary  to 
operate  with  caution*  The  oxide  of  zinc, 
which  is  the  product  of  the  operation,  is  found 
united  with  the  pot-alh  ; and  when  we  lixivi- 
ate this  refidue,  the  water  diffolves  a portion 
of  it  with  the  alkali  ; fo  that  we  may  afeer- 
tain  its  prefence  by  pouring  an  acid  into  this 
lixivium.  Hellot  alferts  that  this  liquor  was 
confidered  and  preferibed  by  one  Refpour,  a 
fkilful  alchemift,  as  a fpecies  of  alcaheft,  or 
univerfal  folvent  of  metals.  The  beauty  of  the 
flame  of  the  fpedtacle  afforded  by  this  rapid  T 
combuliion  of  zinc  by  the  nitrate  of  pot  afli, 
has  rendered  it  one  of  the  fubftances  em- 
ployed by  artificers  in  the  conftmdlion  of  fire- 
balls which  flv  into  the  air,  and  throw  out 
thofe  white  flames,  thofe  brilliant  liars,  whofe 
beautiful  light  illuminates  fo  large  a fpace  in 
the  firmament. 

* 

49.  Though  the  a&ion  of  zinc  upon  the 
muriates  is  more  feeble  than  its  a diion  upon 
the  preceding  laits,  it  is  far  from  being  in- 
confiderable.  Pott  has  deferibed  fome  experi- 
ments which  feem  to  prove  that  this  metal  is 
capable  of  decompofmg  the  muriate  of  foda* 
Macquer  obferved  that  when  triturated  with 
the  ammoniacal  muriate,  it  difengaged  the  am- 
monia from  it,  even  in  the  cold.  Bucquet  has 
obferved,  that  by  diliilling  this  fait  with  zinc, 
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ammoniacal  gas  and  hidrogen  gas  were  ob- 
tained. The  latter  product  can  only  be  owing 
to  the  decompofition  of  the  water  contained  in 
the  fait,  by  the  zinc,  which  affeCts  it  before  it 
combines  with  the  muriatic  acid.  The  refidue 
of  this  operation  is  muriate  of  zinc,  which  may 
be  fublimed  by  a ftronger  heat.  According  to 
Ilellot,  the  oxide  of  zinc  produces  the  fame 
reparation  of  the  principles  of  the  muriate  of 
ammonia. 

50.  The  phofphates  and  the  borates  melt  with 
zinc,  and  combine  by  fufion  with  its  oxide, 
which  gives  to  their  glafs  a greenilh  yellow 
tinge.  No  decompofition  of  thefe  faits  is  ef- 
fected by  the  metal.  Whatever  attraction  it 
has  for  oxigen,  it  cannot  aCt,  no  more  than 
charcoal  can,  upon  the  phofphoric  acid  com- 
bined with  the  earthy  and  alkaline  bafes,  which, 
as  we  have  feen  in  the  preceding  fection,  is 
powerfully  fixed  by  thefe  bafes. 

51.  Zinc  decompofes  moft  of  the  faits  and 
metallic  folutions  by  its  ftrong  attraction  for 
oxigen;  it  precipitates  from  them  the  metals 
in  the  metallic  form  by  completely  unburning 
them,  or  in  that  of  oxides  lefs  oxidated  than 
they  were  before.  It  is  very  ufeful  in  the 
analyfes  of  ores  on  account  of  this  property. 
Its  oxide  has  alfo  more  attraction  for  the  acids 
than  moft  of  the  others. 
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5â.  Zinc  is  applied  to  ufes  no  lefs  numerous 
than  important  in  a great  number  of  the  arts. 
It  forms  a part  of  many  confiderably  hard  and 
white  alloys.  It  is  particularly  employed  in  the 
fabrication  of  tombacs  and  braffes,  of  which  we 
fhall  fpeak  elfewhere.  The  eaftern  nations,  and 
efpecially  the  Chinefe  make  ufe  of  it,  as  has  al- 
ready beenobferved,  much  more  frequently  than 
the  Europeans;  undoubtedly,  becaufe  they  poifefs 
it  in  greater  abundance  than  we  do,  and  per- 
haps, becaufe  they  are  better  acquainted  with 
its  ufeful  properties.  It  has  been  propofed  for 
lining  copper:  concerning  this  application 
we  iliall  have  oceafion  to  fpeak  in  the  liiftory  of 
the  latter  metal.  Malouin,  in  his  Memoirs  in- 
fer ted  amongft  thofe  of  the  Academy  for  1/43 
and  1 744,  has  compared  zinc  with  tin  with  re- 
lation to  its  economical  properties,  and  has  fre- 
quently given  it  the  preference. 

53.  Zinc  and  its  chemical  preparations  have 
already  been  applied  to  medicinal  purpofes, 
Its  property  of  conducing  fo  great  a degree  of 
animal  electricity,  may  hereafter  render  it  much 
more  valuable  to  the  healing  art.  Formerly, 
the  fulphate  of  zinc  was  employed  as  an 
emetic,  under  the  name  of  gilla  vît  roll.  The 
oxide  of  zinc  prepared  in  the  pharmaceutical 
laboratories,  is  prefcribed  as  an  antifpafmodic, 

in 


în  dofes  from  half  a decigramme,  one  gram,  to 
that  of  feveral  decigrammes  at  moft.  It  has 
been  much  extolled  in  the  convulfive  difeafes 
of  children,  and  was  at  firft  adminiftered  as  an 
arcanum,  under  the  name  of  fixed  lima,  by  one 
Ludemann,  in  Holland*  Gaubius,  who  exa- 
mined this  remedy,  found  it  to  be  nothing  more 
than  oxide  of  zinc,  which  was  then  termed 
flowers  of  zinc  This  oxide,  and  efpecially 
tutty  and  fulphate  of  zinc  are  employed  as  very 
good  external  remedies  in  difeafes  of  the 
eyes. 
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